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PREFACE 
In November 1973, t he  National Aeronautics and Space Administration 
(NASA) asked t h e  National Academy of  Engineering* t o  conduct a summer study 
of fu ture  appl icat ions of space systems, with p a r t i c u l a r  emphasis on p rac t i ca l  
approaches, taking i n t o  consideration socioeconomic benef i t s .  NASA asked 
tha t  t h e  study a l s o  consider how these appl icat ions would inf luence o r  be 
influenced by the  Space S h u t t l e  System, the pr inc ipa l  space t ranspor ta t ion  
system of the  1980's. In December 1973, t h e  Academy agreed t o  perform t h e  
study and assigned the  t a s k  t o  t h e  Space Applications Board (SAB). 
convened a group of  eminent s c i e n t i s t s  and engineers t o  determine what research 
and development was necessary t o  permit the explo j ta t ion  of useful  appl icat ions 
of earth-oriented s a t e l l i t e s .  The SAB concluded tF.at since the  NAS study, 
operational weather and communications s a t e l l i t e s  and the  successful  first 
year of use of t h e  experimental Earth Resources Technology S a t e l l i t e  had demon- 
s t r a t ed  conclusively a technological capabi l i ty  t h a t  could form a foundation 
for  expanding the  useful appl icat ions of space-derived information and serv ices ,  
and t h a t  it was now necessary t o  obtain,  from a broad cross-section of  po ten t i a l  
users,  new ideas  and needs t h a t  might guide the  defelopment of fu ture  space 
systems fo r  prac t ica l  appl icat ions.  
After discussions with NASA and o ther  i n t e re s t ed  federal  agencies, i t  
was agreed t h a t  a major aim of  the  "summer study" should be t o  involve, and 
t o  attempt t o  understand the needs o f ,  resource managers and o the r  decision- 
makers who had a; yet  only considered space systems as experimental r a the r  
than as useful elements of major day-to-day operat ional  information and se rv ice  
systems. 
of users and poten t ia l  users  conducted an intensive two-week study t o  def ine 
user needs t h a t  might be met by information o r  services derived from ear th-  
orb i t ing  s a t e l l i t e s .  This work was done i n  Ju ly  19?4 a t  Snowmass, Colorado. 
o r  po ten t ia l  publ ic  and pr iva te  users ,  including businessmen, s t a t e  and loca l  
government o f f i c i a l s  , resource managers , arid o the r  decision-makers. A number 
In the summers of 1967 and 1968, the  National Academy of  Sciences had 
Under the general d i rec t ion  of  t h e  SAB, then, a representat ive group 
For the  study, nine user-oriented panels were formed, comprised of present 
*Effective Ju ly  1, 1974, t h e  National Academy of Sciences and the  National 
Actidemy of Engineering reorganized the National Research Counci 3 i n t o  e ight  
assemblies and commissions. 
including the SAB, became the Pczembly o f  Engineering. 
A l l  National Academy of Engineering program u n i t s ,  
iii 
of s c i e n t i s t s  and technologists a l so  par t ic ipa ted ,  functioning e s s e n t i a l l y  
as expert  consultants.  
progress i n  space appl icat ions s ince  t h e  NAS study of 196S* and defining mer 
needs poten t ia l ly  capable of  being met by space-system appl icat ions.  
spec ia l i s t s ,  drawn from federa l ,  s t a t e ,  and loca l  governments and from business 
and industry,  were impaneled i n  the  following f i e lds :  
The assignment made t o  the  panels included reviewing 
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In addition, t o  study the  socioeconomic benef i t s ,  t he  inf luence of tech- 
nology, and the  in t e r f ace  with space t ranspor ta t ion  systems, t he  following 
panels (termed in t e rac t ive  panels) were convened: 
Pan ~1 10: I n s t i t u t i o n a l  Arrangements 
Panel 11: Costs and Benefits 
Panel 12: Space Transportation 
Panel 13: Information Services and Information Processing 
Panel 14: Technology 
As a bas is  f o r  t h e i r  de l ibera t ions ,  t h e  lat ter groups used needs expressed 
by the  user  panels. 
was designed i n t o  the  study plan and was found t o  be both des i rab le  and neces- 
sary.  
The funct ion 
of the SAB was to review the  work of t h e  panels,  t o  evaluate  t h e i r  f indings,  
and t o  derive from t h e i r  work an in tegra ted  s e t  of major conclusions and recom- 
mendations. 
dations from the  panel re?orts,  as well as more general ones a r r ived  a t  by 
considering the  work of t he  study as a whole, a r e  contained i n  a report  pre- 
pared by the Board.** 
assessments of a l l  of t he  fac tors  which should be considered i n  es tab l i sh ing  
p r i o r i t i e s .  
accomplishing the  same object ives  may need t o  be assessed; requirements f o r  
A subs t an t i a l  amount of i n t e rac t ion  with the  user  panels 
The major p a r t  o f  t he  study was accomplished by t h e  panels.  
The Board's f indings,  which include ce r t a in  s ign i f i can t  recommen- 
I t  should be emphasized t h a t  t he  study was not designed t o  make de t a i l ed  
In some cases, for  example, options o ther  than space systems for 
*National Research Council. Useful App l ieations of Earth-Oriented Sa te l l i t e s ,  
Report of the Centrol Revieu Z d t t e e ,  
Washington, D.C., 1369. 
o f  Space Systems. 
National Academy of Sciences, 
**Space Applications board, National Reseaich Council. Practical Applications 
National Academy of Sciences, Washington, D.C. , 1975. 
i v  
i n s t i t u t i o n a l  or  organizat ional  support may need t o  be appraised; mult iple  
uses of systems may need t o  be evaluated t o  achieve the  most e f f i c i e n t  and 
economic returns.  
needed. 
as a p a r t  of the  two-week study. 
however, appear i n  t h i s  report  and i n  the  Board's repor t ,  together  with recom- 
mendations designed t o  provide an improved bas is  upon which t o  make cost-benefi t  
assessments. 
In sum, t he  study w a s  designed t o  provide an opportunity for knowledgeable 
and experienced isers, expert  i n  t h e i r  fields, t o  express t h e i r  needs f o r  
information o r  s e v i c e s  which might (or  might not)  be met by space systems, 
and t o  relate the present  and poten t ia l  c a p a b i l i t i e s  of space systems to  t h e i r  
needs. The study did not attempt t o  examine i n  d e t a i l  t he  s c i e n t i f i c ,  techni- 
cal, o r  economic bases f o r  t he  needs expressed by the  users. 
The SAB was impressed by the  qua l i ty  of t h e  panels '  work and has asked 
t h a t  t h e i r  repor t s  be made ava i lab le  as supporting documents f o r  the  Board's 
report .  
not necessar i ly  endorse them i n  every d e t a i l .  
s idered within the  context of t h e  repor t  prepared by t h e  Space Applications 
Board. 
of the  panel. 
conclusion o r  recommendation contained i n  the  report .  
In some cases, analyses of cos ts  and bene f i t s  w i i l  be 
Recommendations f o r  c e r t a i n  such analyses,  
In t h i s  connection, s p e c i f i c  cost-benefi t  s tud ies  were not conducted 
While the  Board is  i n  general accord with the  panel repor t s ,  it does 
The conclusions and reccmmendations of t h i s  panel report  should be con- 
The views presented i n  the  panel repor t  represent t he  general  consensus 
Some individual  members of t h e  panel may not  agree with every 
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INTRODUCTION 
The plan f o r  the 1974 Summer Study on Space Applications s p e c i f i c a l l y  
directed the  pa r t i c ipan t s  t o  seek p r a c t i c a l  approaches t o  the  fu tu re  development 
of appl icat ions of space systems. 
t ions Board se lec ted  as members of t he  Panel on Costs and Benefits  individuals  
with backgrounds i n  business,  f inanc ia l ,  o r  professional  economics. As a r e s u l t  
of the  Panel's work and i t s  in te rac t ion  with the  o ther  panels,  several  sugges- 
t ions have emerged which the  Panel bel ieves  can contr ibute  t o  the  development of 
improved cost  and benef i t  analyses of space appl icat ions.  
First is the development of  an ou t l ine  of t he  key elements t h a t  a f inanc ia l  
professional would consider i n  evaluating the  space appl icat ions program. These 
suggestions flow from extensive experience of Panel members i n  the  evaluation of 
large investment pos i t ions  i n  comparable high-risk technological pro jec ts .  This 
pragmatic or ien ta t ion  has been combined with the  ana ly t ica l  perspect ive of t h e  
economists on the Panel t o  demonstrate e f f ec t ive  means of quantifying an t ic ipa ted ,  
but i n  many cases as ye t  i ll  defined, benef i t s  accruing from the  appl ica t ion  of  
space-derived information. 
No attempt has been made by the  Panel t o  evaluate  the  po ten t i a l  benef i t  of 
"spin-off" technology t h a t  can be expected t o  r e s u l t  from the  space appl icat ions 
program. 
considered t o  be i n  t h e  mainstream of the  investment decision-making process f o r  
operational space systems. 
hopefully provides new perspectives i n  the development of a cos t  minimization 
philosophy f o r  t h e  implementation phase of t he  program. 
Pricing of both the space t ranspor ta t ion  se rv ice  and the  output information 
( a t  various possible  access points  i n  the  da t a  stream) i s  a c r i t i c a l l y  important 
issue of a successful space appl icat ion e f fo r t .  The Panel has developed a posi-  
t i on  which should be helpful  i n  the  resolut ion Df t h i s  bas ic  pol icy issue.  The 
Parrel believes t h a t  the  organizat ional  arrangements associated with the manage- 
ment of t h e  space appl icat ions program w i l l  have s t rong bearing on the  develop- 
ment of r e l i a b l e  cost  and benef i t  snalysis .  Strong and e f f ec t ive  leadership i n  
the early development phase of t h e  program i s  e s sen t i a l  t o  gain user  cooperation 
i n  the  s t ruc tur ing  of a coordinated program. 
e f fec t ive  cost  control is  a l so  closely t i e d  t o  e f f ec t ive  general management of 
the appl icat ions program. 
envisioned form, w i l l  r t q u i r e  a governmental investment of roughly $11.3 b i l l i o n ,  
To assist with t h i s  task, the  Space Applica- 
This technology can be an important incremental benef i t  but was not 
On the cos t  s ide  of t h e  equation, t h e  Panel has out l ined an approach which 
In t h e  implementation phase, 
The space appl ic r t ions  program, i f  f u l l y  implemented i n  i t s  present ly  
1 
including $2.6 b i l l i o n  i n  launch costs.  
mitment by any standard and c l ea r ly  supports the  need f o r  appropriate  cos t  and 
benef i t  ana lys i s  at various phases of t he  proposed appl ica t ion  investments. 
I t  is important t o  recognize t h a t  t he  t o t a l  investment i n  the  space pro- 
gram through 1991 could l i k e l y  exceed $50 b i l l i o n .  Embodied i n  t h i s  t o t a l  
expenditure are broad programs designed t o  meet the  object ives  of t he  Department 
of Defense (MU) and the  s c i e n t i f i c  community. The Panel urges t h a t  every 
e f f o r t  be made t o  u t i l i z e ,  where possible ,  t h e  capabi l i ty  b u i l t  f o r  defense 
and s c i e n t i f i c  purposes t o  reduce t h e  t o t a l  investment required t o  implement the  
space appl icat ions programs considered i n  t h e  present  study. 
A f i n a l  element i n  the  object ives  of t h i s  Panel is t o  iden t i fy  high poten- 
t i a l  appl icat ions f o r  fu tu re  cos t  and benef i t  analysis.  
four  major problem areas which have been c i t e d  as improvable through the  appl i -  
cat ion of space-derived information, namely, food supply and d i s t r ibu t ion ;  
energy sources; mineral reserves;  and communication and navigation. 
of the  appl ica t ion  of cos t  and bene f i t  analysis  techniques, s p e c i f i c  i l l u s t r a -  
t i ons  have been developed i n  agr icu l ture  and maritime traffic.  
This investment represents  a heavy com- 
The Panel has chosen 
As examples 
2 
THE INVESTMENT DECISION 
PREVIOUS ANALYSES OF SPACE APPLICATIONS 
The Costs and Benefits  Panel ha$ reviewed the  Report o f  t h e  Central  Review 
Committee as  well as the  Panel repor t s  which sum.. i r ized  the  1967-68 summer 
study.* We are i n  general  agreement with t h e  conclusions and recommendations 
of t he  Economic Analysis Panel.** This group devoted p a r t i c u l a r  a t t en t ion  t o  
costing problems i n  conjunction with t h e  user  or ien ted  panels. 
some useful  general  guidelines for  fu tu re  benef i t  analysis .  
The Panel has had ne i the r  t h e  time nor the  opportunity t o  review system- 
a t i c a l l y  previous cost-benefi t  (and comparable economic) s tud ie s  of po ten t i a l  
space applications.  
complete o r  i n  d r a f t  form. A few members of t h e  Panel are very familiar with 
the work done thus fa r  and have pa r t i c ipa t ed  i n  some of these  s tud ies .  
benefi ts  of space appl icat ions t o  the  use r  a c t i v i t i e s  represented by t3e user  
oriented panels at  the 1974 summer study have been straightforward and conven- 
t iona l ,  re lying heavi ly  on the  standard concepts and too l s  of economic analysis .  
We note t h a t  t h i s  type of analysis  i s  not a science but  remains an art form, 
There have been a number of differences i n  the  de t a i l ed  s t ruc tu re  of t he  models 
used. A s  one would expect, the  less speculat ive and more s t ra ightforward s tudies  
deal with those appl icat ions i n  which information produced from sa te l l i t e  sensin: 
is closely comparable t o  information previously ava i lab le  from non-space sources. 
In such cases, one focuses d i r e c t l y  on po ten t i a l  cos t  savings poss ib le  from the  
grea te r  eff ic iency of space information gathering and need not be concerned with 
the usual ly  more d i f f i c u l t  issue of benef i t  estimation. 
pares costs  of producing the  same information from a l t e rna t ive  sources, he 
impl ic i t ly  assumes t h a t  t h e  ex i s t ing  in fomat ion  system has a pos i t i ve  n e t  
benefit .  
users by government, i t  may be des i rab le  t o  check t h i s  assumption.) 
I t  suggested 
We have examined samples of  such s tudies  which are e i t h e r  
It  is our impression t h a t  t he  approaches thus far taken t o  evaluate  t h e  ne t  
(When one simply com- 
In some instances,  s ince  BO much information is provided a t  no cos t  t o  
*National Research Counci 1. Useful AppZiCath18 of Earth-Ofiented Satelz i tes .  
National Academy of Sciences, Washington, D . C . ,  1969. 
**The Economic Analysis Panel of t he  1967-68 study 
report ;  r a the r  i t s  f indings were included i n  tl,; 
Committee and i n  the  Summaries of Panel Reportb. 
did not provide a d i s c r e t r  
Report of the Central Review 
pp. 57-69. 
3 
As f a r  as the Panel i s  aware, there  has been t o  da te  r.s attempt a t  the  
kind of comprehensive analysis  required before a decision i s  taken t o  develop 
an operational space information gathering system o f  the  type contemplated by 
some i n  t he  ea r th  resources a reao  
given cost-benefi t  (or  o the r  form o f  economic) analysis .  
appropriate methodology may have been employed, although i t  is  our general  
impression t h a t  t h i s  has not been a pa r t i cu la r  issue i n  the  case of ex is t ing  
space appl icat ion s tudies  
A much more c r i t i c a l  aspect of such analyses has t o  do with assumptions 
made i n  the  study. 
po ten t ia l  benef i t s  of producing a new kind of information i n  new form, the  
analyst must ex t rapola te  from p a s t  and present experience. One is  faced with 
the need t o  consider how very complex systems (e.g., agr icu l ture)  w i l l  absorb 
new information and modify behavior so as t c  produce e f f ic iency  gains. 
success with which ex i s t ing  s tud ie s  have made such extrapolat ions and incorpo- 
ra ted i n s t i t u t i o n a l  f ac to r s  i s  subject  t o  honest disagreement. Inevitably,  a 
great deal  of judgment i s  involved i n  forward-looking s tud ie s  i n  such f i e l d s ,  
The h is tory  of human a b i l i t y  t o  pred ic t  t h e  economic and non-economic impact of 
s ign i f icant  innovations suggests t h a t  caution is  necessary- i n  undertaking -- 
as well as i n  evaluating -- such e f fo r t s .  
approval i n  some ex i s t ing  (or in-process) s tud ies  the  use of a l t e r n a t i v e  assump- 
t ions and of s e n s i t i v i t y  analysis  ( i n  which the  s e n s i t i v i t y  of the  r e s u l t s  t o  
the values assumed f o r  t h e  var iab les  i s  examined), 
t ions f i e ld :  
value of  information. 
which e x p l i c i t l y  treat  information as an input t o  productive a c t i v i t y  i n  a 
meanindful and systematic way. 
ins ights  and po ten t i a l ly  caii make a contribution t o  evaluat ing space appl icat ions 
where the  major i s  information. However, as  y e t ,  these models have 
not been developed i n  a form which permits d i r e c t  and straightforward empiricai  
appl icat ion.  
publ ic ly  control led resources t o  produce and disseminate information a t  nominal 
o r  zero pr ices ,  t h e  f u l l  cos t s  of information production and u t i l i z a t i o n  a r e  
not r e f l ec t ed  i n  market prices.  Thus, a readi ly  ava i lab le  market-value measure 
of benef i t s  expressed i n  do l l a r  terms i s  not  now avai lable .  
would pay fo r  information, since an adequate and complete set of da t a  from 
which t o  extrapolate  is lacking. 
imply anything regarding the  Panel views on appropriate p r i c ing  pol':y fo r  
publ ic ly  produced information. 
pol icy which provides much information a t  no, o r  nominal, p r i ce  t o  pr iva te  (and 
o ther  public) users.  
benef i t  e s t i m t o r s  i n  the absence of an ex i s t ing  market system f o r  many of t h e  
tvpes of information involved i n  poten t ia l  space appl icat ions,  
Concerning the  Economic Analysis Pave1 recommendations of  the  1967-68 
summer s tudy,  two spec i f i c  comments a re  i n  order:  First, ce r t a in  members of the  
present Panel dissent  from the suggestion made by the  1968 group regarding +he 
Legitimate differences of view can and do clearly e x i s t  i n  evaluating a 
In some instances an 
The assumptions a re  c ruc ia l ,  s ince  i n  looking ahead at the  
The 
For t h i s  reason, we note  with 
We are aware of oae p a r t i c u l a r  source of d i f r ' i cu l ty  i n  the  space applica- 
economists have not agreed upon a general  method t o  measure the  
Economists have only recent ly  begun t o  develop models 
This work i s  beginning t o  develop important 
Since i t  has long been regarded as proper f o r  governments t o  use 
Exist ing s tud ie s  demonstrate the problem of having t o  i n f e r  what people 
This deficiency should not be in te rpre ted  t o  
No c r i t i c i sm i s  suggested concerning present  
The point here i s  t o  emphasize the  d i f f i c u l t y  faced by 
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use of d i f f e r e n t i a l  discounting ra tes .*  The i n t e n t  of the ,968 panel was t o  
r e f l e c t  d i f f e r e n t  degrees of uncertainty regarding cost  and benefi t  estimates, 
both with respect t o  each other ,  and a t  d i f f e ren t  po in ts  i n  time. 
estimates of t he  r e l i a b i l i t y  attached t o  estimates of each var iab le  a r e  a b e t t e r  
way t o  handle d i f f e r e n t i a l  uncei ta inty (e.g., by expressing confidence i n t e r v a l s  
around each expected value). (Present value estimates have a d i f f e ren t  purpose 
and requi re  a s ing le  rate t o  permit comparability across s tud ies .  
the present  Panel who question our predecassors on t h i s  point  recognize t h a t  it 
is a controversial  point  among economists and t h a t  t he re  j :  no "conventional 
wisdom" on which t o  re ly . )  
Second, the  present Panel recognizes the  reasons t h a t  t he  Economic Analysis 
Panel of t he  1967-68 summer study f e l t  it pzemature a t  t h a t  time t o  estimate 
costs in te rna l  tr, user  agencies a d  p r iva t e  users. The Panel bel ieves ,  however, 
t h a t  i t  is imperative t h a t  t o t a l  systems cos ts  be estimated a t  each s tage  i n  a 
program's evolution , including e x p l i c i t l y  ,he three  c lasses  of  costs  excluded i n  
the 1968 study. (The classes  excluded i n  1968 were user  cos ts  f o r  t r a in ing  and 
changing procedures; user  costs  f o r  da ta  analysis  and in t e rp re t a t ion ;  and end 
user cos ts  such as cost t o  a farmer f o r  changing farming methods o r  machinery.) 
Separate 
Members of 
REQUIREMENTS FOR FUTURE DECISIONS 
The Panel believes i t s  contr ibut ion t o  fu tu re  cos t  and benef i t  Ftudies 
lies i n  suggesting ana ly t ica l  approaches which more e f f ec t ive ly  cope with the  
high l eve l  of uncertainty associated with many of t h e  proposed appl icat ions.  
In r h i s  context, t he  Panel has attempted t o  iden t i fy  key elements ana methodolo- 
gies i n  pr iva te  sec to r  analysis  of high-risk technolagical ventures with the  
hope t h a t  they w i l l  suggest new approaches t o  improved cost-benefi t  analyses of 
space systems fcr p rac t i ca l  use. 
Evaluation of Large Investments i n  New TLchmlogy 
The pr inc ipa l  elements (key issues)  t o  be considered i n  evaluating large 
investments i n  a new technolcgy &rc discussed i n  che pa=.agraphs t h a t  follow. 
Specif ic  de f in i t i on  of t he  technology advarce: 
it i s  important t o  e s t ab l i sh  the kIIo\rii and the  an t ic ipa ted  
capabi l i ty  of information gathering i n  space. 
which thi ;  capabi l i ty  advances the current  s ta te -of - the-ar t  i s  
a pa r t i cu la r ly  important fac tor .  An e x p l i c i t  statement of the 
capabi l i ty  can provide the bas i s  f o r  ident i fy ing  new applica- 
t ions  and evaluating the  u t i l i t y  of those already establ ished.  
Very of ten  a technologist  w i l l  miss appl icat ions of high 
poten t ia l  which a re  recognized when a prospective user  develops 
an understanding of the capabi l i ty .  
A t  the  outset  
The degree t o  
*See S m d e s  of Panel Reports, % .  68. 
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Market potential: 
(end-user customer base) be b u i l t  up from the  appl icat ion of t h e  
technology t o  spec i f i c  end-use problems. Is t h e  appl ica t ion  
d i rec ted  at major problems and needs? This information can only 
be obtained after extensive i n t e r x t i o n  between the  expected user 
and t h e  provider of t he  product o r  service.  
I t  i s  v i t a l  t ha t  t he  t o t a l  po ten t i a l  market 
Market s t ruc t J r e :  
how decisions are cur ren t ly  made i n  t h e  po ten t i a l  market being 
considered. 
educated i n  order  t o  gain acceptance of  new technology? 
Equally important is a clear understanding of 
How many d i f f e ren t  groups have to  be informed o r  
Pricing: 
service is determination of the  p r i ce  t h a t  t h e  customer would be 
wi l l ing  t o  pay t o  obtain it. 
made i n  a vacuum, but r a t h e r  i n  carefu l ly  designed communication 
with t h e  expected user. 
Marketing overview: 
potential is fomsed on assessing the  real market which might 
be ava i lab le  t o  new technology. 
critical clement i n  the  process of es tab l i sh ing  bene f i t s  f o r  a 
space appl icat ion program. 
no means an exact science, but it has been developed t o  a highly 
useful ar t .  
a clear focus on use r  needs t o  sharpen the  focus of new technology 
introductions.  
t o  government planners. 
The bes t  test of  t h e  u t i l i t y  of  a new product or 
Pricing estimates should not be 
A l l  o f  t h e  p r i o r  discussion of market 
Market assessment is c l ea r ly  a 
Commercial marketing research i s  by 
Business spends large sums i n  attempting t o  maintain 
These da t a  and methodology are equal ly  important 
Investment: 
i s  cap i t a l  in tens ive  -- it is important t o  t r y  to  e s t ab l i sh  the  
t o t a l  investment required t o  commercialize t h e  technology. 
addition t o  becoming the  denominator i n  the  return on invlitstment 
calculat ion,  the  t o t a l  investment figure raises another question. 
In the p r iva t e  sec tor ,  one asks "Is t he  t o t a l  program financeable?" 
The same question appl ies  i n  the  government except t h a t  e f f o r t  
must be made t o  insure cont inui ty  of funding, with t h e  a s s q t i o n  
t h a t  t he  investment object ives  w i l l  be met. I t  is very important 
t o  recognize t h a t  p r iva t e  companies w i l l  require  assurance of 
cont inui ty  of da ta  or  services  from space systems before they w i l l  
be wi l l ing  t o  make major commitments t o  t h e i r  u t i l i z a t i o n .  
Another consideration of  investment is how it w i l l  be staged. How 
much i s  required a t  the  outse t?  These f ac to r s  are r e l a t ed  t o  the  
determination of the  r i s k  associated with the  investment. The 
s i z e  of t he  investment should be the  major determinant of t he  level 
of analysis  required t o  support the  investment decisiol ,  f o r  each 
of the  three najor s tages  i n  the  evolution of space systems as 
iden t i f i ed  by the Panel on Ins t i t u t iona l  Arrangements,* t h a t  i s ,  
In evaluating a new technology -- espec ia l ly  one t h a t  
In  
*Panel on Ins t i t u t iona l  Arrangements. 
Supporting Paper 10: 
t o  the Space Applications Board, Kational Research Council. 
Sciences, Washington. D.C. ,  Ju ly ,  1975. 
Practicai! AppZications of SpaC2 S9SteT78, 
Repcrt of the Panel on Institutionai! Arrangements. Report 
National Academy of 
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t he  research and development, the  t r a n s i t i o n a l ,  and t h e  operat ional  
s tages .  This i s sue  and its app l i cab i l i t y  t o  the  space appl icat ions 
program are discussed i n  more d e t a i l  subsequently. 
Operating cos ts  and p ro f i t :  
permits quant i f ica t ion  of t he  an t ic ipa ted  revenue stream f r o m  
forecas ts  of demand and pr ice .  The p r o f i t  i n  t h e  p r iva t e  sec to r  
or t he  ne t  economic benef i t  i n  t he  publ ic  s ec to r  i s  obviously 
the  res idua l  after subt rac t ing  t h e  operat ing cos t  f o r  t he  period 
being considered. The e n t i r e  i s sue  of cost  es t imat ing and cont ro l  
is v i t a l  t o  successful r ea l i za t ion  of an t ic ipa ted  benef i t  and w i l l  
be discussed separately.  
The previaus marketing ana lys i s  
!leturn on investment: 
on investment (ROI) has been well documented i n  the  literature. 
Because of t h e  long time span of t h e  space appl icat ions program 
it is  e s sen t i a l  t h a t  p robab i l i s t i c  estimates o f  fu tu re  revenue 
and expenditures be employed and t h a t  they be discounted back t o  
t h e  present.  
the Panel feels comfortable with the  10-percent discount rate 
current ly  being employed by NASA. 
t h a t  t he  u t i l i t y  of ROI analysis  i s  not  t h a t  i t  y ie lds  an accurate 
answer, but r a t h e r  t h a t  the ROI model permits the  decision-maker 
t o  evaluate the  e f f e c t s  of var ia t ions  i n  the  key elements of t h e  
analysis  and t o  bui ld  confidence t h a t  the  program has a reasonable 
probabi l i ty  of competing favorably with o ther  po ten t i a l  uses f o r  
t he  same funds. 
The methodology of ca lcu la t ing  a return 
This concept is widely employed i n  government and 
I t  is important to  recognize 
Break-even ana lys i s :  
important t o  make an analysis  of alternative cos t  and revenue 
leve ls  and of t h e  effect of delays i n  the  schedule for t h e  in t ro -  
duction of t h e  product on the  break-even point  f o r  t he  p ro jec t .  
Figure I presents  annualized cost  and benef i t  (revenue) estimates 
t o  i l l u s t r a t e  t he  l i f e  cycle trend of t h e  key elements. Break- 
even ana lys i s  i s  a usefu l  t oo l  f o r  the  decision-maker t o  evaluate 
the; ..,namics of t he  key ingredients  i n  the  investment decision. 
Independent of t he  ROI ca lcu la t ion ,  it is  
Por t fo l io  analysis :  
the  research and development (RED) phase i s  b u i l t  up from a 
s e r i e s  of experimental appl icat ions u t i l i z i n g  what i n  many 
cases w i l l  be common equipment and investment, it might be use- 
f u l  t o  construct t h e  ROI evaluation f o r  the RCD phase on a 
t o t a l  space appl icat ions po r t fo l io .  
uncertainty i n  the individual  appl icat ions programs, the  e r r o r  
i n  the t o t a l  analysis  can be reduced by calculating an aggregate 
re turn  on the  t o t a l  por t fo l io .  In a s implif ied fashion, the  
format of such an analysis  i s  as i l l u s t r a t e d  i n  Figure 11, with 
ROI being calculated by taking benef i t s  less operating cos ts  
divided by investment. 
Since the space appl icat ions program i n  
Because of t h e  inherent  
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In addition t o  an improved ROI ca lcu la t ion ,  t h i s  approach 
graphical ly  demonstrates t he  economics obtained by ge t t ing  m a x i -  
I'UBL j o i n t  use of t he  investments which a r e  comuon t o  several  
appl icat ions programs. This approach a l so  has the  benef i t  of 
keeping management focus on the  total  program and provides an 
incent ive t o  follow the  axiom of t h e  business camuni ty  to  "turn 
o f f  losers  ana double up on winners." 
Elements i n  a Phased Investment Analysis 
The various informational elements described above COIQB i n t o  p lay  at th ree  
investment decis ion points  t h a t  occur a t  the  beginning of t h e  phases i n  t h e  
evolution of a space system, t h a t  is, 
The research and development phase 
The t r ans i t i ona l  phase 
The operational phase. 
A t  each of these  points  information w i l l  be gathered and analyzed i n  order t o  
determine whether a pro jec t  should continue i n t o  i ts  next phase and, i f  so, t k ?  
amount of addi t ional  investment required (see Figure 111.) 
benefi t  ana lys i s  must be viewed as a proce2s r a t h e r  than the  producer of a 
s ingle  point  estimate f o r  a "go/no-go" d e c i s i m .  As w i l l  be described subsequent- 
l y ,  t he  method of analysis  embodied i n  each cost-benefi t  evaluation va r i e s  across 
the three  phases i n  the  development of a space system. It is v e q  hportunt tp. 
before cntbarking on any investment-decision process all parties le.g., NASA, 
Office of Management cmd Budget and user irgendes) to the decision must agnee W b  
the c r i t e r i a  t o  bs used. 
must be expected t h a t  proposed pro jec ts  w i l l  be subject  t c  misdirected s tud ie s  
and delays which add ex t r a  costs  and may lose benef i t s  t o  po ten t i a l  end users.  
Furthermore, the  object ives  and a l t e rna t ive  so lu t ions  of any project  t o  be evalu- 
ated must be c l ea r ly  defined. 
O f  course, a cost- 
If t h i s  agreement is not reached a t  an ea r ly  s t age  it 
Research and Development Phase: Pr ior  t o  the R&D phase, a subject ive 
investment decision must be made which w i l l  be based on a r e l a t i v e l y  small amount 
of information. 
economic aspects of t he  poten t ia l  market to  be served. In addi t ion,  an attempt 
should ::e made t o  gain a c l ea r  understanding of t ha t  spec i f i c  market, f o r  example, 
the po ten t i a l  users ,  u t i l i t y  of t h e  product, current  and po ten t i a l  competition, 
and other  qua l i t a t ive  f ac to r s .  
The requirement a t  t h i s  ea r ly  s tage  is pr imari ly  to  e s t ab l i sh  the  log ic  of 
the  proposed appl icat ions and the  spec i f ic  customer base t o  be served. 
cation is d i f f i c u l t  and thus credible  numbers are very d i f f i c u l t  t o  a r r i v e  at  
fo r  many appl icat ions.  Nevertheless , there a re  ana ly t i ca l  too ls  ava i lab le  t o  
es tab l i sh  a broad range of values fo r  the ant ic ipated benefit. 
should be employed. 
Every e f f o r t  should be made t o  e s t ab l i sh  a broad view of t he  
Quant i f i -  
These too l s  
I t  is important t ha t  such information be devJoped and 
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u t i l i z e d  a t  t h i s  point  t o  serve as a base'ine fo r  fu tu re  evaluat ion of  t h e  pro j -  
ect and t o  help evaluate  i t  i n  terms of others which are competing with i t  for 
R&D funds. 
be developed a t  t h i s  s tage,  it is recommended t h a t  NASA have a small pool of 
discret ionary funds t o  =inance a few pro jec ts  each year. 
have such a pool of "blue sky" funds. 
In  the  case of promising ideas where l i t t l e  or no information can 
Comercia1 RBD labs  
Trans i t iona l  Phase: The investment decisior! po in t  which takes  p l ace  af ter  
the RGD phase and before the  implementation of the  t r ans i t i ona l  phase requi res  
a more complete ana lys i s  of infbrmation. 
de ta i led  re-evaluation m u s t  be made of t h e  economics of t h e  pro jec t  and its 
s p e c i f i c  market t o  include an updating o f  t h e  i n i t i a l  surveys made i n  these  areas. 
Size of t he  market, competitive technology, user needs and preferences,  and such 
must a l l  be redetermined. A t  t h i s  juncture  as much meaningful information as 
possible  should be obtained from user5 because the planning and execution of the  
t r ans i t i ona l  phase w i l l  be bes t  achieved when t h e r e  is a la rge  amount of t h i s  
kind of input. 
and management organizat ions -- i n  order  t o  insure t h a t  t h e  proposed appl icat ions 
are compatible with an t ic ipa ted  needs and thus provide an opportunity f o r  maximum 
learning by users  during the  t r a n s i t i o n a l  phase. 
learning takes p lace  i n  t h i s  phase, user  informational input  w i l l  be more accu- 
rate and serve as a firmer bas is  f o r  evaluation of t h e  pro jec t  a t  its next  
decision point.  
po ten t ia l  investment which might be required throughout t h e  remaining por t ion  of 
the pro jec t  development and, i n  addi t ion,  an estimate made of t he  aggregate 
benef i t  which would accrue t o  the  users. 
u t i l i z e d  t o  b e t t e r  determine the  appropriate cos t  and bene f i t  numbers. 
these numbers a break-even analysis  can be formulated. 
A t  t h i s  point ,  a more formal and 
Concurrently, a study should be made of t h e  po ten t i a l  users  -- operat ional  
I f  a subs t an t i a l  amount of 
A t  t h i s  po in t ,  an attempt should a l so  be made t o  a sce r t a in  the  amount of  
Expected value techniques may be 
From 
Operational Phase: A t  the  t h i r d  investment decis ion poin t  -- p r i o r  t o  the  
operat ional  phase of a pro jec t  -- the  l a rges t  and most de t a i l ed  amount of infor-  
mation must be s tudied and evaluated. 
point t h a t  z Gsrlsion must be made w i t h  regard t o  the  expenditure of the  g rea t e s t  
amounts of  inveqtment funds. 
ref ined and updated so as t o  include both information generated from the  previous 
phases and new input  from external  sources. 
taken by the group cont ro l l ing  the pro jec t  and its various user appl ica t ions  in  
order t o  determine possible  multi-use1 cos t  savings through t h e  use of j o i n t  
program. 
de ta i led  re turn  on investment and break-even ca lcu la t ions  as described e a r l i e r .  
In  addi t ion t o  evaluation a t  each of t he  investment-decision points  
described previously, p ro jec ts  should b e  evaluated on a continuing bas is  using 
Anformation developed i n  the pro jec t  i t se l f  as well as t h a t  obtained from users 
and generated a t  the beginning of  each phase. 
information is espec ia l ly  important as a pro jec t  progresses from the  t r a n s i t i o n a l  
t o  the operational phase. 
t i on  w i l l  enable a l l  of those involved t o  ad jus t  t h e i r  methods of evaluation 
and hopefully w i l l  r e s u l t  i n  an accurate and t imely determination of t he  value 
As is  shown i n  Figure 111, it is a t  t h i s  
The previous economic and market s tud ies  m u s t  be 
An overview approach should be 
A complete cost-benefi t  study should be  made which w i l l  include 
T h i s  continuous monitoring of 
The constant flow of information and its i n t e rp re t a -  
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of a pro jec t  at  a point  p r i o r  t o  the  expenditure of the  l a rges t  amount of funds. 
The flow of  information w i l l  a l s o  help t o  assure use r  pa r t i c ipa t ion  i n  a pro jec t  
on a continuing basis.  
COST AND PRICING ELEMENTS 
After studying the  cos t  methodology used i n  the  1968 summer study, t he  
Panel agreed t h a t  suggestions of t he  1968 study were st i l l  appl icable  i n  a broad 
sense, with a few modifying considerations based on the  current  s i t ua t ion .  
major time-cycle categories  f o r  cos t  segregation were described then as: 
(1) applied research and technology, engineering and t e s t ing ,  (2) i n i t i a l  proto- 
type development (equivalent t o  indus t r i a l  "p i lo t  plantvv) ,  and (3) f u l l  opera- 
t i o n a l  status. 
1974 study as research and development, t r a n s i t i o n a l ,  and operat ional .  
The cos t s  for each category should be considered separately A t h  f u l l  and 
de ta i led  cos t  j u s t i f i c a t i o n  required a t  the  beginning of each phase. 
functional categories  are bes t  divided i n t o  space systems and da ta  processing, 
d i s t r ibu t ion ,  and use r  conversion. 
follows. 
The 
These correspond almost exact ly  to  t h e  phases designated i n  the  
The 
Typical costs under these headings are as 
Space system costs :  
Spaceborne hardware (sensors, da t a  t ransmi t te rs ,  a t t i t u d e  
controls ,  power systems, etc.) 
Launch cos ts  t o  o r b i t  (launch vehic le  costs ,  launch fac i l i ty  
cos ts ,  etc.) 
Ground support systems (monitor functions,  command and con- 
t rol  of s a t e l l i t e ,  etc.)  
Management and administration of space systems 
Data processing, d i s t r ibu t ion ,  and user  conversion costs :  
Costs of ground s t a t ions  t o  accept spacecraf t  information 
(imagery and the  l i ke )  i n  raw form 
Costs of equipment t o  process and organize the  co l lec ted  da ta  
i n t o  a format s u i t a b l e  t o  the  needs of users* 
*It  should be noted t h a t  depending on the capab i l i t i e s  of the  user  and the  da t a  
processing f a c i l i t i e s  he has avai lable ,  t he  user  may wish access t o  the  da t a  a t  
any one of several  s tages  i n  processing of t he  data;  t h i s  is  sometimes refer red  
t o  as 9nul t i - t i e red  access. 
1 2  
Software cos t s  for development of algorithms needed t o  process 
raw data (spec t ra l  analysis ,  change detect ion,  c h a r a c t e r i s t i c  
s ignature  ex t rac t ion ,  image scal ing,  etc.) 
Costs of converting the  user's ex i s t ing  da ta  handling process 
to  use new information 
Managemeirt and adminis t ra t ion of t h e  ground system 
These categories  f o r  breakdown of total  systems cost should be used f o r  space 
appl icat ions ana lys i s  and projects .  
is not too  r ad ica l ly  d i f f e r e n t  from previous p ro jec t s ,  r a t h e r  accurate estimates 
are possible.  
with learning curves applied where appropriate.  
appropriate today. 
pressure of budget cons t ra in ts  i n  t h e  last severa l  years and have passed these  
pressures on to  the  i n d u s t r i a l  contractors  who serve them. Such commercial 
equipment design concepts as "design-to-cost" and "cost-targeting" are s t a r t i n g  
t o  be extensively used i n  space and mi l i t a ry  hardware. Poten t ia l  reductions i n  
cos t  of 30 percent o r  g rea t e r  are not  unusual with t h i s  "new" methodology. 
i n t e l l i g e n t  accounting of t h e  e f f e c t  of these  concepts has t o  be fac tored  i n t o  
the cost  analyses which are used t o  assist decision-making. 
approach can be seen, fo r  example, i n  the  d i f fe rence  between the  cur ren t ly  
projected cos ts  of t he  space s h u t t l e  and t h e  o r ig ina l ly  projected designs and 
costs.  
ing costs ,  t h e  next sec t ion  covers a few of  t h e  Panel 's  thoughts on cos t  
minimization. 
Cost es t imat ing is a f a i r l y  well developed d isc ip l ine .  When a new pro jec t  
In  general ,  t h e  bes t  estimates are those based on p a s t  h i s to ry  
Both t h e  Department of Defense and NASA have felt  t h e  
A note  of warning, however, is 
Some 
The effects of t h i s  
Since the  r a t i o  of cos t s  t o  benef i t s  can be improved markedly by lower- 
Cost Minimization 
Minimizing t h e  cos ts  f o r  space system hardware and software must be a key 
object ive f o r  a l l  t h e  groups involved i n  these  programs. 
system, the  decisions which have the  most impact on t o t a l  cos t  are the earliest 
! i  sis ions.  
u s t  . l t e rna t ives  are decreased as the  costs  involved t o  make the  change of ten  
cancel ut the  savings. System analysis ,  preliminary design, and cos t  t rade-  
of f  analyses should, therefore ,  be done i n  d e t a i l  and then r e i t e r a t e d  several  
times during t h e  system conceptual s tage.  
yardstick can be very useful at  t h i s  s tage ,  
already ex i s t ing  designs. 
s y s t a .  is t o  make the  whole th ing  new even though only a por t ion  r e a l l y  needs t o  
be new. 
one t r i e s  t o  "plow" simultaneously. 
required t o  control t h i s  design process,  bu t  t h e  savings a r e  well worth the  
s f f o r t .  
hASA has pract iced t h i s  d i sc ip l ine  as much as i t  could have, p a r t i c u l a r l y  with 
regard t o  the use of hardware developed by the  DOD. 
as "NIH" (not invented here) exists i n  both organizations.  The s h u t t l e  design 
philosophy removes one of t h e  main excuses t h a t  has been used f o r  unneeded 
In any complicated 
As the  system evolution progresses,  t he  options f o r  change t o  lower- 
Competing s tudies  with cos t  as a 
Maximum use needs t o  be made of 
One of t h e  most common mistakes i n  developing a new 
Both program r i s k  tind cost a r e  a d i r e c t  function of how many new "fields" 
Considerable management d i sc ip l ine  is 
I t  i s  questionable i n  the  minds of t he  members of t h i s  Panel whether 
The syndrome re fe r r ed  t o  
13 
redesign i n  the  p a s t  -- namely, "it won't f i t"  i n  the  spacecraft .  
bel ieves  t h a t  NASA management should d i r e c t  p a r t i c u l a r  a t t e n t i o n  t o  optimizing 
t h i s  advantage, and force i t s  technic21 groups t o  abandon "change f o r  change's 
sake. 
O f  course, modular design approaches, using as much s tandardizat ion as 
feas ib le ,  should be u t i l i zed .  hASR has focused on t h i s  approach i n  most of its 
scientific and appl icat ions satellites i n  t h e  pas t  few years with good r e su l t s .  
Various branches of  WD a l s o  have aggressive programs f o r  %building block" 
standardization, and NASA engineers should keep abreas t  o f  what i s  ava i lab le  
from WD and should maximize t h e i r  use o f  WD-developed hardware systems. 
In  addi t ion t o  t h i s  emphasis on common use  of hardware, s tandardizat ion 
between user requirements should be pushed. 
would br ing  economies o f  multipurpose payload designs but  a l s o  would significant- 
l y  lower software and d a t a  handling costs.  
t he  s h u t t l e  program. 
consumption and t h e  option of having a person help car ry  out t h e  experiments 
should make poss ib le  la rge  reductions i n  e-xperimental payload costs .  
savings have t h e  advantage of l ightening the  i n i t i a l  (front-end) cos t s  on specu- 
l a t i v e  experimental programs and deferr ing the  cost4 of  a f i n a l  operat ional  system 
desigit u n t i l  bas ic  concepts are proven. 
here, but  yerhaps a more sub t l e  po in t  i s  t h a t  programs which do not  requi re  such 
a large investment t o  check out f e a s i b i l i t y  w i l l  be easier t o  terminate i f  t he  
r e s u l t s  are poor or marginal. 
Any discussion on cos t  minimization would be incomplete without covering 
two of t he  most i n s i l i o u s  cos t  growth fac tors ,  i n f I a t i o n  and program de fe r r a l s  
("stretch-outs"), both of which are generally beyond t h e  control  of  a program 
manager. Labor cos t  estimates are generated o r i g i n a l l y  i n  man-hours and then 
converted t o  d o l l a r s  a t  current  o r  projected man-hour costs.  
puts  a squeeze on f ixed d o l l a r  allotment programs when the  i n f l a t i o n  rate 
exceeds p red ic t im .  
overruns and unrealized cost  object ives .  
unpredictable i n f l a t i o n  rate aggravating the  s i t u a t i o n ,  NASA might be well 
advised t o  keep both program cos t  predict ions and program execution cos ts  i n  
equivalent man-hours both f o r  keeping t rack of  and displaying t o  o thers  how 
well they did i n  estimating and cont ro l l ing  labor expenditures. 
ing the  man-hours per  year t h a t  NASA can finance, t he re  has been a r e su l t i ng  
tendency t o  s t r e t c h  out programs. 
cost  problem ( i n  do l l a r s )  by pushing work o f f  i n t o  higher  i n f l a t i o n  years,  but 
it causes a very real (and s ign i f i can t )  e f f e c t  on t o t a l  man-hours required -- 
par t i cu la r ly  on programs t h a t  are already well  under way and are based on a 
shorter ,  more optimum schedule. 
e c t s  o f f e r  can perhaps be deferred,  but i ne f f i c i enc ie s  caused by s t re tch-out  
are a waste of publ ic  funds. Hardware programs should not be s t a r t e d  unless 
there  i s  f u l l  determination and long term fund commitment t o  carry them through 
on the or ig ina l  schedule. 
for. 
The Panel 
Such s tandardizat ion no t  only 
Several  new fac to r s  i n  payload cos t  have been introduced with the  advent of 
The lessening of cons t ra in ts  on volume, weight, and power 
These 
There i s  not only a d i rec t  zost saving 
This procedure 
I t s  e f f e c t s  have been used un fa i r ly  t o  cr i t ic ize  program 
With today's exceedingly high and 
With the combination of budget pressures and i n f l a t i o n  continuously lower- 
This delay not only aggravates rhe  "apparent" 
The benef i t s  t h a t  NASA space appl ica t ions  proj-  
A smaller number of t o t a l  programs may be ca l l ed  
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Pricing 
I t  may be expected t h a t  there  k i l l  continue t o  be a need f o r  NASA t o  "sell" 
hardware development and spacecraf t  launching services t o  o ther  agencies and 
p r iva t e  industry. 
In  t h e  past, pr ic ing  pol icy has served only t o  reimburse cos t s  incurred on 
a p a r t i c u l a r  pro jec t  o r  launch. 
incurred; no addi t ional  charge w a s  levied f o r  *%nmrtization" of previously 
expended R&D funds. 
t he  whole nat ion and s ince  the  fruits of  t h i s  research are equal ly  ava i l ab le  
t o  a l l ,  there  seems to  be no r a t iona le  t o  call f o r  any recovery of  such "sunk 
investment." The argument might be made t h a t  such investment recovery would be 
des i rab le  to  help finance fu r the r  RGD, but t h i s  concept is  not  consonant with 
NASA's role. Further,  once an RID investment has  been spent,  t h e  g rea t e s t  eco- 
nomic good from t h e  r e s u l t s  occurs when everyone has use of those r e s u l t s  a t  
incremental cos ts  caused by h i s  use of t h e  serv ice .  Typically,  f a c i l i t y  costs 
which vary with the  volume of work have been included as incremental cos ts  a t  
some equi table  a m r t i z a t i o n  or lease rate. The Panel has no disagreement with 
t h i s  previous NASA policy.  
The shu t t l e ,  with i ts  la rge  mult iple  payload capabi l i ty ,  opens up a whole 
new class o f  pr ic ing  problems, however, which needs t o  be addressed. 
several  groups may be sharing the  cos ts  of a s i n g l e  launch, an equi tab le  multi- 
term formula needs t o  be derived. 
should t r ack  as c lose ly  as poss ib le  t h e  incremental cos ts  incurred for t h a t  
factor .  
as prac t i ca l ,  a f u l l  payload f o r  each s h u t t l e  launch. 
as acquiring new customers, limitirig number of customers, giving preference to  
cer ta in  classes of customei's, "squeezing out" competitive launch systems, etc. 
The pr ic ing  pol icy se lec ted  t o  accomplish NASA's overa l l  object ives  may be one 
of t hc  most c ruc ia l  decis icns  cn the  shu t t l e .  me wrong pr ic ing  policy c m l d  
well ru in  t h e  whole system. 
road pr ic ing  system may be i n  order  as a prime example of  how not t o  proceed. 
Other considerations are: 
Attention t o  a r a t iona l  p r i c ing  pol icy  is therefore  needed. 
The p r i c e  w a s  set equal t o  incremental cos ts  
Since NASA's mission is t o  provide RGD which w i l l  b ene f i t  
Since 
Ideal ly ,  t h e  terms i n  t h i s  p r i c ing  formula 
Overall,  the  pr ic ing  should be s t ruc tured  so  as t o  encourage, as near ly  
Snu t t l e  p r i c ing  pol icy  could have purposeful o r  inadvertent  r e s u l t s  such 
A carefu l  study of, and comparison with, t he  r a i l -  
The pol icy should be s t n c t u r e d  t o  avoid requir ing NASA t o  
provide launch services inde f in i t e ly  f o r  operat ional  space 
systems 
The system should not s ign i f i can t ly  i n t e r f e r e  with the  free 
market in te rp lay  of competitive forces  
The economies of s c a l e  ( learning curve) t h a t  give lower cos ts  
i n  the  fu tu re  should be shared with t h e  s h u t t l e  customers 
There should be some reasonable f l e x i b i l i t y  f o r  change i n  pol icy 
as more operating experience is  gained. 
NASA may choose t o  underwrite some launch c o s t s  on ea r ly  s h u t t l e  f l i g h t s  
t o  attract  ea r ly  customers and t o  o f f s e t  somewhat the risks inherent  i n  ea r ly  
f l i g h t s  of a new vehicle.  That is, t h e  underwriting may appear as a 
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development cost .  It  should be c lear ly  iden t i f i ed  as such and not hidden i n  
some way as t o  mislead the  s h u t t l e  user a s  to  h i s  eventual operational costs.  
Similar questions arise i n  considering the  p r i c e  placed on sale of the  
data  which emanate from all  t h e  ear th  resources s a t e l l i t e s .  Clearly these  da t a  
should be made avai lab le  t o  al l  and i n  any form r ead i ly  ava i lab le  f r o m  t he  da ta  
chain (i.e., from the  telemetered radio frequency s igna ls  t o  da t a  i n  d i g i t a l  
form, t o  p a r t i a l l y  processed data, t o  f u l l y  processed data)  i n  order t o  g ive  
maximum f l e x i b i l i t y  and hence maximum u t i l i t y  t o  poten t ia l  users.  
these a l t e rna t ives  requires  careful  study, however. 
on incremental cos ts  f o r  providing such Itdata taps" should be considered prime 
candidates. There w i l l  be arguments t h a t  t he  most economy w i l l  be r ea l i zed  from 
one massive d i g i t a l  da t a  processor f o r  a l l  users  and hence only f u l l y  processed 
data  should be sold. While t h i s  may eventually prove t o  be t rue ,  it should be 
t e s t ed  i n  the marketplace first by l e t t i n g  a l l  v a r i e t i e s  of da ta  reduction exist. 
Certainly t h e  eventual economy of such da ta  handling w i l l  depend on the develop- 
ment of more clever  and more e f f i c i e n t  software aimed spec i f i ca l ly  at a c e r t a i n  
set of user needs. 
panies w i l l  do t h i s  development bes t ,  pa r t i cu la r ly  i n  the ea r ly  s tages .  
policy might appropriately be s e t  t o  encourage such campanies but i n  no case 
should it be shaped t o  discr iminate  against  them. 
Pricing of 
Prices  which are based 
Experience suggests t ha t  small, young, entrepreneural com- 
Pricing 
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BENEFIT ESTIMATION 
BACKGROUND 
Defining and measuring benef i t s  i s  the  s ing le  most d i f f i c u l t  challenge i n  
assessing t h e  merit of programs of t h e  s o r t  under review by t h e  user-oriented 
panels of  t h e  1974 Space Applications Study. 
is tics of space appl icat ions being considered by t h e  user-oriented panels, we 
note t h a t  t he  most important type of output,  insofar  as bene f i t s  are concerned, 
is information. 
information is t h a t  they arise i f ,  and only i f ,  t h e  information changes t h e  eco- 
nomic behavior of one o r  more individuals  o r  organizations.  
economic value unless it is used and pos i t i ve  change occurs. 
by a space sensor t o  reach a point  where we can attempt t o  estimate a benef i t  
appropriately a t t r i bu ted  t o  t h e  acquis i t ion  of data.  
some economic "actortt behaving more e f f ec t ive ly  because of t h e  space-derived 
information made ava i lab le  to  him. 
In  evaluating p a r t i c u l a r  character-  
The cen t r a l  point  t o  be made about t he  bene f i t s  produced by 
Information has no 
Thus, we must go through an of ten  complex chain beginning with da t a  acquired 
That end poin t  w i l l  f i n d  
ESTIMATION ELEMENTS 
There are usual ly  three  possible  approaches t o  t h e  s p e c i f i c  evaluat izn of 
benef i t s  from federa l  government programs. These are:  
1. Benefits  i n  terms of cos t  savings (equal capab i l i t y  analyses),  
where the  capabi l i ty  of each a l t e r n a t i v e  is similar, and t h e  
goal is  not questioned. 
2. Equal budget analysis ,  where each of t he  a l t e rna t ives  considered 
is  allowed t o  spend, i n  the  operat ional  phase, t h e  same budget. 
Thus, i n  addi t ion t o  the  cost  savings f o r  t he  same serv ice  leve l ,  
a value (benefi t )  has t o  be measured f o r  t h e  added serv ice  of the  
same kind made possible  by lower operating cos t  systems. 
3. New capabi l i ty  benef i t s ,  where the  serv ice  provided by the  new 
systems is  d i f f e ren t  i n  kind from anything now provided, suc> 
t h a t ,  i n  pr inc ip le ,  analyses o f  type (1) o r  type (2) cannot be 
performed, 
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Figures IV and V i l ' r * s t r a t e  the  scope of each type of  analysis .  Each 
analysis  has t o  be goal ;ooerations) oriented. 
applicable a t  d i f f e ren t  phases of the  investment process o r  f o r  a d i f f e r e n t  type 
of  appl icat ion (investment). 
ses, the  goals and the  capab i l i t i e s  required o r  promised need clear, prec ise  
def in i t ion ,  s ince  these w i l l  form the bas i s  f o r  any r e l i a b l e  investment analysi3,  
whether publ ic  or private .  
of benefi t  analyses may be prec ise ly  t o  force the  decis'on-maker t o  a c l e a r  
def in i t ion  of  calqabili t ies needed. 
these need equally de t a i l ed  de f in i t i on  and analysis ,  
Each type of ana lys i s  may be 
Also -- and most important -- i n  any one of t he  above types of benef i t  analy- 
Often, pa r t i cu la r ly  i n  the  early s tages ,  t h e  "benefit" 
Final ly ,  i f  a l t e rna t ives  e x i s t  t o  achieving the  same or similar objec t ives ,  
SELXTING THE PROPER METHOD OF ANALYSIS 
As indicated previously, a bene f i t  accrues only when pos i t i ve  change i s  
induced by the  u t i l i z a t i o n  of t h e  information from space. 
crucial  question, i.e., "Who can benef i t  from t h i s  new information source?'' 
The answer must be framed i n  s p e c i f i c  operat ional  terms, t h a t  is, s p e c i f i c  
end users ,  or spec!-fic end use problems, o r  s p e c i f i c  new opportuni t ies  made 
possible by the a v a i l a b i l i t y  of t h i s  new information source. 
made possible  by these data. 
We must then ask a 
The benef i t  estimation process then becomes one of es t imat ing the  change 
Schematically, the  change can be represented as: 
SPACE 
DATA 
--- BETTER 
SYSTEM 
CIJRRENT INFORMED 
The analysis  required t o  estimate t h e  value of t h i s  in forna t ion  stream 
f o c u s s  on four  key questions:  
How "large" i s  the  current  system? 
How fast  would it grow without space data? 
:low fast  can i t  grow with space data? 
Are non-growth f ac to r s ,  such as lower cos t  of information or 
improved d i s t r ibu t ion ,  s ign i f icant?  
The l a s t  question suggests an important element of t h e  ar a lys i s .  
invest igator  should seek t o  iden t i fy  the  t o t a l  gain possible  from the use o f  new 
information. A t  the  ou t se t  no attempt should be made t o  reduce t h i s  t heo re t i ca l  
po ten t ia l  benef i t  by v i r t u e  of any organizational cons t ra in ts  (user or provider).  
The 
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FIGURE IV SCOPE OF BENEFITS WITHIN COST-ORIENTED ANALYSES 
t CAPABI L IT1 ES 
/- 
FIGURE V SCOPE OF COST-BENEFIT ANALYSES OF ENTIRELY NEW CAPABILITIES 
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The f i r s t  question (How la rge  is the  current  system?) is a c ruc ia l  determi- 
nant i n  the  choice of analy t ica l  methodology required to  quant i fy  the  benefit .  
In s implif ied terms, it is useful  t o  determine whether t he  benef i t  accrues i n  
a s ing le  d i sc re t e  s ec to r  or whether it i s  fe l t  across e u l t i p l e  sec tors  of t h e  
nat ional  or world economy. 
a t e  benefi ts  are d i f f e ren t  for each area and w i l l  d iscuss  then below. 
We bel ieve t h a t  t he  analytical tools needed t o  evalu- 
SINGLE SEmOR ANALYSIS 
In reviewing the  space appl icat ions being considered by o the r  panels i n  the  
present study, t he  following ones appear to be examples of those having t h e i r  
greatest impact on a s ing  :, or at least a l imited number of d i s c r e t e  "end user" 
sectors : 
Extract ive resource exploration 
Marine navigation 
Commercial communication 
Biological processing i n  space 
In each of these appl icat ions,  it i s  possible  t o  quant i fy  the  expected 
benefi ts  of new information v i a  an aggregate macroeconomic analysis ,  t h a t  is, 
a sec tor -spec i f ic  econometric model t o  determine the  value G f  R&D expenditures 
on the  coummication sector .  
benefi t  estimate. 
it is possible  t o  employ conventional i ndus t r i a l  market research methods t o  
es tab l i sh  the  current s i z e  and growth r a t e s  f o r  t he  user  s ec to r  being evaluated. 
to  iden t i fy  the t o t a l  current  expenditcre on exploration. 
above concerns the  s i z e  of t he  current system. 
da ta  which would roughly es tab l i sh  the  rate of growth of t h e  current system, 
namely, the value of new resources expected t o  be discovered as a consequence of 
planned f u t u r e  exploration expenditure. 
without space data.  
through detai led in te rac t ion  of the appropriate space technologists with expcri- 
enced petroleum gecjlogists and petroleum economists. Their task would be t o  
es tab l i sh  the  value of incremental new reserves which could be found, i n  the  
samt rime period, as a consequence of improved d r i l l  s i te  se lec t ion  using infor -  
mation from space. 
In the  i n i t i a l  stage of formulating a benefi t  estimate i n  a p a r t i c u l a r  
application program, the  focus of t he  analysis  should be on ident i fy ing  the  
maximum gain possible.  Consequently, there  must he an e f f o r t  t o  c rea t ive ly  
evaluate the  poten t ia l  u t i l i t y  of t h i s  new infor 
the space system and experience is gained i n  t h e i r  use, t he  ir'+ial b-nef i t  
estimates can be refined. 
This "top-down" ana lys i s  can provide a useful  
On t h e  o ther  hand, when the  new information a f f e c t s  a l imited user  base, 
For example, i n  t he  case of o i l  exploration, industry da t a  are ava i lab le  
The first question 
The industry could a l s o  supply 
This information y ie lds  the  growth rate 
The growth rate with b e t t e r  information from space can only be developed 
,ion. As data are provided from 
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The same type of analysis  can be applied t o  o ther  natural  resources subject  
t o  improved exploration as a result of space-generated geologic31 data. 
t o t a l  benefi ts  can then be aggregated and measured against  t he  cost of providing 
t h i s  information. 
The 
MULTIPLE SECTOR ANALYSIS 
While the  following space applications could have an impact on a s ing le  
user sector ,  they a l so  are examples of those which can affect more than one d is -  
crete sector:  
Weather and climate 
Environmental qua l i ty  
Inland water resources 
Agriculture 
Land use planning 
When applications have poten t ia l  f o r  providing benef i t s  t o  a number of 
d i f fe ren t  users or  sectors  i n  the  economy, it is  more d i f f i c u l t  to quantify the  
aggregate magnitude of the  benefits .  
In the  case of benefi ts  derived from publ ic  services and provided t o  multi-  
users a t  no charge, or where charges have l i t t l e  or  no relat ionship t o  the  
munt of the  service consmed by the  various users,  one can attempt t o  evaluate 
the benefi t  on the  bas i s  of an estimate of  a %hadow" p r i ce  for  the  service i n  
question: What would people pay i f  such a service were sold?" 
This i s  more readi ly  done where goods or services  comparable t o  those pro- 
vided f ree  o r  at  nominal p r i ce  by government a re  a l so  sold by p r iva t e  producers 
( for  example, recreation services such as camping f a c i l i t i e s ) .  
benefits  provided by the  National Eark and Forest Servic 
based i n  par t  on the pr ices  people are wil l ing t o  pay fo- comparable commercial 
f a c i l i t i e s  . 
f iable ,  as is the  case w t t h  applications which could lessen t r a f f i c  congestion 
or  control pollution, then one must look a t  the  extent t o  which services pro- 
vided by space systems are  o r  could be d i r ec t ly  responsible f o r  a posi t ive change 
i n  the degree o r  severi ty  of t h e  condition. 
been assessed, it is then necessary t o  ident i fy  the  users  who benef i t  from the 
change. 
therefore they may not be eas i ly  quantifiable.  In t h i s  event subjective esti- 
mates as t o  t h e i r  ult imatc value w i l l  have t o  be made. 
Estimates of the  
have been derived, 
Where chere a re  no comparable services  and the  users a re  not eas i ly  ident i -  
When the  degree of improvement has 
In many cases, these benefi ts  may have a broad socioeconomic impact and 
2 1  
ORGAN1 ZATION AND MANAGEMENT' 
Inherent i n  any investment study is  a review of  t he  organizationzl s t ruc tu re  
and management concept, intended t o  support t ha t  investment, t o  see t h a t  it 
is adequate t o  generate t h e  proposed return. 
The Existing Structure 
As t o  space applications, i t  may be expected tha t  NASA w i l l  operate the  
space s h u t t l e  vehicle and services and t h a t  it w i l l  continue t o  operate those 
expendable launch vehicles which a re  programed i n t o  the  mid-1980's and which 
could continue t o  be u t i l i z e d  should economy of launch or  timing of mission 
dictate .  I t  is assumed t h a t  NASA w i l l  operate the  experislental satellites. 
Beyond these points,  management and in s t i t u t iona l  respons ib i l i t i es  for space 
systems intended f o r  prac t ica l  uses are not ye t  clear. 
The Opportunity 
There is a t  present no designated organizational e n t i t y  responsible f o r  
coordinating, integrating, implementing, and managing the  multifaceted poten t ia l  
space systems. 
interpret ,  and t??nsmit da ta  t o  large groups of poten t ia l  users. A one-for-one 
relat ionship between the  user and the  da ta  system does not exist i n  most cases. 
To meet user needs, sensors must be developed; sensors and support systems m u s t  
be combined i n t o  experimental hardware; the  hardware m u s t  be integrated i n t o  a 
t o t a l  mission plan involving multipurpose shu t t l e  missions and/or expendable 
launch vehicles; ground systems must be developed to  receive the  da ta  and t o  
t rans la te  it i n t o  the  user required format; t r ans i t i ona l  programs ( to  demonstrate 
actual operation of  t he  system) and operational systems m u s t  be implemented. 
s ens i t i v i ty  t o  user  needs, an a b i l i t y  t o  develop ef fec t ive  user working groups, 
and a capabi l i ty  t o  es tabl ish policy, par t icu lar ly  as t o  cost, pr ice ,  and fund- 
ing requirements. 
These poten t ia l  systems include satellites and ground systems t o  acquire, 
These a c t i v i t i e s  require an organization s t ruc ture  with a high degree of 
The Function 
The tunction t o  be performed may be described as tha t  of  a "general manager" 
of space systeilis f o r  prac t ica l  applications. The general manager w u l d  coordinate 
the user requirements, market the  technological capabi l i ty ,  conduct the  necessary 
market research t o  expand the  user market, and manage the development of neces- 
sary economic information t o  s a t i s f y  t h e  investors. 
*See also,  Report of the Pmel  on Znst i tut ional  Arrangem~nt8, Supporting Paper. 10, 
Practicuz Applications of Space Systmt?. 
Arrangements t o  the Space Applications Board, National Research Council. 
Academy of Sciences, Washington, D . C . ,  1975. 
Report of t h e  Panel on Ins t i tu t iona l  
National 
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The Investor 
A t  t h i s  time, the  federal  Off ice  of Management and Budget, perhaps 
because of impending fiscal cons t ra in ts  and perhaps a l so  sensing a pyramiding of 
uncoordinated requests  for space appl icat ions funding, has d i rec ted  t h a t  a1 1 new 
programs f o r  f i s c a l  year 1976 i n  the  space appl icat ions area be subjected t o  
cost-benefit  (investment) analysis.  It i s  the Panet's opinion that this  request 
cannot be effect ively  responded t o  i n  the present uncoordinated structure. 
There is need t o  designate a "general manager" responsible for sa t i s fy ing  this 
requirement by e f f ec t ive  implementation through use r  working groups, including 
the  p r iva t e  sector .  
The Cost-Benefit Requirement 
The need for cost-benefi t  (investment) ana lys i s  should be apparent from 
Figures V I  and V I I .  These f igures  also illustrate the  need for  an appl icat ions 
general manager. Figure V I  depic t s  today's s i t ua t ion ,  where uncoordinated multi- 
agency, multi-idea requests are being generated far i n  excess of d o l l a r s  avai l -  
able f o r  appl icat ions programs. 
judgment basis  within do l l a r s  ava i lab le  without a s p e c i f i c  value discriminator.  
Figure V I 1  de?icts  t he  same idea  generation, with agency requests  coordinated 
among agency, user, and general n n a g e r ,  f i l t e r e d  through an economic d i s c r i a i -  
nator ,  and rank ordered, leading t o  approved appl icat ions having the  most eco- 
nomic benefit .  
t o r  technique could r e s u l t  i n  increased investment f o r  applications.  
Programs are being approved or  denied on a . 
I t  is conceivable t h a t  proper u t i l i z a t i o n  of t h e  cost-benefi t  o r  discrimina- 
The Agency 
The r o l e  of t h e  NASA Associate Administrator f o r  Applications should be 
The general manager's role should be continued through 
expanded t o  include the  r e spons ib i l i t i e s  of general  manager i n  the  e a r l y  s tages  
of a l l  applications.  
a l l  phases of any given appl ica t ion ,  but f o r  t he  operat ional  phase the  role 
should be assigned t o  the  agency responsible f o r  t he  operat ional  system. 
general manager sirmld execute the  functZor.s described herein and should 
e s t ab l i sh  goals and missions for a l l  user  organizations.  
In assuming the  general manager ro l e ,  it w i l l  be e s s e n t i a l  t ha t  NASA estab- 
l i s h  a s t rong serv ice  re la t ionship  with a l l  users  (includiilg the  p r iva t e  sec tor )  
for :  
The 
Applications planning 
Experimental program technology planning and coordination 
Costing and/or pr ic ing  of t he  service 
Determination of who pays f o r  what 
Data dissemination policy 
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FIGlJRE V I  PRESENT FUNDING METHOD 
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FUNDING DEMAND 
COST-BENEFIT 
DISCRIMINATOR 
FUNDING 
AVAl LABILITY 
V I  
APPLICATIONS 
APPROVED 
BASED ON BENEFITS 
AND FUNDS AVAILABLE 
FIGURE VI1 PROPOSED FUNDING METHOD 
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Developing a pol icy f o r  commercial investment r e l a t ed  t o  con- 
t inuing government investment. 
I t  should be recognized t h a t  NASA, in t he  r o l e  of general  manager, need 
not and should not be s t a f f ed  t o  do the t o t a l  appl icat ions t a sk .  
however, develop the  capabi l i ty  f o r  systems appl icat ions i n  the  areas of require-  
ments planning, market research and development, and socioeconomic analysis  
and should provide t h i s  capabi l i ty  as a serv ice  under the  guidelines developed. 
This system should r e s u l t  i n  c l e a r l y  del ineated goals (including cost-  
benefi t )  and missions, including t imetables f o r  a l l  major organizations and 
should provide the  proper too l s  and a l t e rna t ives  t o  develop f u l l y  space applica- 
t ions.  
NASA should, 
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CANDIDATE PROGRAMS FOR FURTHER STUDY 
OF COSTS AND BENEFITS 
The Panel, i n  reviewing previous s tud ie s  of  p rac t i ca l  uses of sa te l l i tes ,  
w a s  s t ruck  by the  f a c t  t h a t  most of these  tended t o  be driven by t h e  ava i lab le  
capab i l i t i e s  (or fu tu re  project ions of  same) r a t h e r  than by t h e  need. That is, 
there  was a "solution" looking f o r  a problem t o  solve. While t h i s  viewpoint is 
useful ,  a perhaps more f r u i t f u l  approach i s  t o  start with key needs which are 
considered t o  have very la rge  economic impact i n  the  fu tu re  and then t o  see how 
space derived developments can help. This kind of focus i s  one t h a t  a use r  
community would have applied t o  previous s -udies ,  as opposed t o  t h a t  of t h e  
technology developer, who q u i t e  na tura l ly  sees t h e  dr iv ing  force as  a new techni- 
cal development. 
The Panel recommends t h a t  broadly based cos t  and benef i t  s tud ie s  be made 
i n  the  use of space systems as applied t o  the  following four  key areas: 
energy, mineral resources, and communications and navigation. The ba - i c  advan- 
tage tha t  permits space systems t o  make s p e c i f i c  and important contr  
i s  t h e i r  global capab i l i t i e s .  Economic problems and opportuni t ies  i n  these  key 
areas are recognized t o  be worldwide problems, r a t h e r  than so le ly  na t iona l  or 
regional problems. This interdependence among countr ies  and among problem areas 
(energy and food, e.g.) requi res  worldwide, timely and accurate se rv ices ,  infor-  
mation, problem recognition, and monitoring. 
ments, but they pe r s i s t .  
of course, t o  individual regions,  countr ies ,  and areas  within countries.  I t  is, 
i n  f ac t , t hese  benef i t s  t h a t  largely motivate nat ional  space appl ica t ion  e f fo r t s .  
I t  is the  global c a p a b i l i t i e s  t h a t  t h e  Panel believes w i l l  be the  source of the  
t rue  ul t imate  benef i t s  of space system appl icat ions.  
comes one of concrete spec i f ica t ion :  
these areas? 
on ea r th  are complex. 
The contributions t h a t  space systems can make have t o  be considered i n  a systems 
context,  where many and probably most of t he  a c t i v i t i e s  are car r ied  out on the  
ground,, 
of these  earth-based a c t i v i t i e s .  
e a s i l y  understood. 
t o  v e r i f y  the  claimed technical  performance, measure the  output, and assess the  
demand f o r  the  added (or new) product or se rv ice ,  making allowance f o r  the  
food, 
a t ions  
We may not  p re fe r  these develop- 
The same c a p a b i l i t i e s  of providing serv ices  and information are a l so  useful ,  
However, the  problem be- 
how can space systems he lp  i n  any one of  
Clearly, the  contributions of space systems t o  economic problem so lu t ions  
To be assessable ,  the contr ibut ions must also be d i r ec t .  
Space systems a r e  complementary, but sometimes dec is ive ,  components 
One type of contr ibut ion,  increased production of goods and serv ices ,  i s  
The purposes o f  economic assessment i n  t h i s  case a r e  ch ief ly  
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pr i ce  leve l  of the  product offered i n  comparison t o  i ts  c loses t  competition. 
Such an assessment i s  not easy, but it is accepted as "real," not  only by t h e  
innovators but a l so  by t h e  public,  t he  executive o f f i ce r s  of government, and the  
U.S. Congress. 
But how can any value be a r r ived  at  f o r  space sensing where t h e  total  
quant i ty  (e.g., o f  wheat produced) is not changed but d i s t r i b u t i o n  and planning 
are improved? This second type of contr ibut ion where t o t a l  physical  quan t i t i e s  
stay the  same is much more d i f f i c u l t  t o  comprehend and t o  accept,  y e t  i t  i s  the  
consensus of t h e  Panel t h a t  i t  is  prec ise ly  i n  t h i s  area where many of t h e  eco- 
nomic opportuni t ies  occur today, and a l s o  where space systems can make l a s t i n g  
contribution: t o  gather  needed information on a global basis. 
FOOD 
The demand far and the  supply of food today is  i n  a d e l i c a t e  balance, both 
Project ions of t hese  two f a c t o r s  over t h e  next few domestically and worldwide. 
years and decades have been made elsewhere, but t h e  seriousness of t h e  worldwide 
balance of supply and demand i n  food, by crop, is general ly  accepted. 
In t h e  fa l l  of 1974, a worldwide conference on food problems w a s  scheduled 
by t h e  Food and Agriculture Organization of the  United Nations i n  Rome. 
t o  f o m l a t e  short-term or long-term food po l i c i e s ,  domestically and worldwide, 
one idea l ly  would have t o  know what t h e  facts a re ,  worldwide, i n  a given month 
o r  even i n  a given week. 
regional,  or worldwide food fund is t o  be ser ious ly  considered, it i s  advisable 
t o  know what size inventor ies  e x i s t ,  and what inf luence or1 these  inventor ies  
r e s u l t s  from continuously changing conditions i n  climate, acreage, management 
prac t ices ,  crop conditions,  agr icu l ture  policy decis ions,  opening of new lands, 
and progression of ag r i cu l tu ra l  calendars worldwide, region by region, country 
by country, province by province, I t  i s  only when we know where t h e  shortages 
are, when they are l i k e l y  t o  occur, and the  extent  of t he  shortages,  t h a t  we may 
proceed t o  d i s t r i b u t e  the  resources from areas of surplus  t o  areas of shortages 
e i t h e r  through world market pr ice  mechanisms (supyly/demand) or through govern- 
ment pol icy decis ions i n  terms of large sca le ,  o f ten  long-term t rade  agreements. 
This process, e i t h e r  t h a t  o f  t h e  market place o r  t h a t  of insp i red  government 
policy, i s  helped by -- and of ten only possible  with -- accurate,  t imely in fo r -  
mation, not only on one's own food resources, but a l so  on those of every o ther  
major region. 
For example, t he  d r a s t i c  decl ine i n  the anchovy catch o f f  Peru i n  1972-73 had 
a major impact on the  a v a i l a b i l i t y  of fishmeal fo r  animal feed, which drove 
up pr ices  for  soybeans (a subs t i t u t e )  in t he  United S ta t e s  and, i n  turn,  led t o  
a temporary embargo on soybean exports t o  Japan with ersuing adverse e f f e c t s  
on Japanese d i e t s  and l i v i n g  standards. In  the  ag r i cu l tu ra l  case study example 
discussed i n  Appendix A of t h i s  repor t ,  we w i l l  mention the  present  precarious 
worldwide balance i n  food grains.  Some of the  information needed t o  cope with 
t h i s  problem i s  c l ea r ly  not avai lable  i n  r e l i a b l e  form from present  sources. 
Information gathered from space w i l l  not e l imin- 'e  l i ke ly  food shortages,  
at  least  not now, but it w i l l  help timely decis ions on a worldwide bas is  t o  
overcome ant ic ipa ted  shortages before they lead t o  large-scale s t a rva t ion  i n  
whole subcontinents. These events may occur with or without b e t t e r  information, 
However, 
For example, i f  t h e  establishment of  a domestic, 
The worldwide interdependence i n  food problems shows up i n  unexpected areas.  
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but it seems clear t h a t  these problems can be s ign i f i can t ly  a l l ev ia t ed ,  if not 
eliminated, by adequate worldwide information, 
involve inventor ies  which c l ea r ly  can only be b u i l t  up and then d i s t r ibu ted  
with t h e  help of a worldwide information system. 
grains ,  for  example, would have t o  come from somewhere, y e t  stocks are depleted 
at t h i s  time. 
by when, where, and how much is bought by the  fund. 
100 mil l ion metric tons of food grains ,  whereas the  @*Russian Wheat Deal" ran  only 
t o  10 mi l l ion  metr ic  tons. 
domestic and Worldwide, we need timely and accurate  information t h a t  does not 
exist today. 
space systems, integrated w i t h  ground information, can provide the  necessary 
information by 1990. 
Some of t h e  measures being considered (e.g., a $20 b i l l i o n  food gra in  fund) 
This $20 b i l l i o n  worth of food 
The amount of gra in  t h a t  $20 b i l l i o n  w i l l  buy is  la rge ly  determined 
We are ta lk ing  here  about 
Clearly, t o  pursue na t iona l  po l i c i e s  i n  agr icu l ture ,  
The Panel bel ieves  t h a t  Space systems can assist i n  providing it. 
ENERGY SOURCES AND DISTRIBWION 
The exploration, development, d i s t r ibu t ion ,  and consumption of energy 
resources c lear ly  are now global problems. A recent  repor t  on the  subjec t  says: 
"The world-wide nature  of energy has  now intruded upon our da i ly  
Whatever courses of act ion the  United S ta t e s  u l t imate ly  l ives .  
takes  t o  deal  with energy-related problems, t he  ramif icat ions of 
world energy realities -- ..ie producers' c a r t e l ,  t h e  Arab-Israeli  
con f l i c t ,  t he  monetary system, t h e  global environment -- mst be 
taken i n t o  account if they a r e  t o  be r e a l i s t i c .  
not be solved i n  i s o l a t i o n  or  by groups of  nations confronting each 
other. 
i n t e r e s t s  of  buyers and s e l l e r s ,  r i ch  and poor. 
in te rna t iona l  discussions i n  which a l l  can p a r t i c i p a t e  
a re  the  shortages of fue l ,  f e r t i l i z e r s  and food i n  Africa, South 
Asia and pa r t s  of Latin h t r i c a .  Imaginative and generous forms of 
mul t i l a t e ra l  ass is tance t o  these people from the  i n d u s t r i a l  nat ions 
and o i l  exporters are needed."* 
The problems w i l l  
Accommodations must be reached t h a t  pro tec t  t he  legi t imate  
This w i l l  r equi re  
@'The most immediate and real problems for most people i n  t h i s  world 
The extent  of domestic energy suppl ies ,  t he  extent  of energy consumption, 
t he  dependence upon energy imports, t he  interdependence of  energy i ssues  with 
world monetary flows, snd conf l ic t ing  p o l i t i c a l  i n t e r e s t s  and goals are i ssues  
t h a t  w i l l  s t ay  with us  f o r  t he  r e s t  of t h i s  century. 
t o  solving energy problems, t o  improved production or  d i s t r ibu t ion ,  o r  t o  
environmental monitoring, t he  Panel does not expect space systems t o  play a 
In looking a t  the  contr ibut ions t h a t  space derived in fomat ion  may make 
*ExptOAng Energy Choiceti. Preliminary Report of t he  Energy Policy Project  of t he  
Ford Foundation, Ballinger Press,  1974, p. 20. 
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dominant r o l e  i n  t h e  near term. 
explo i ta t ion  of energy resources,  land based and offshore,  t h a t  t h e  Panel 
believes space systems can make s ign i f i can t  contr ibut ions.  
po ten t ia l  contr ibut ions t o  energy problems. 
technology ("spin-off") t o  ground-based appl icat ions , such as s o l a r  heat ing and 
cooling processes, t h e  t r a n s f e r  of hydrogen technology, the  appl ica t ion  of tele- 
operator technology i n  land and offshore mining operat ions,  are a l l  p o s s i b i l i t i e s  
wor: hy of  examination. 
programs. 
very important near-term po ten t i a l s  as a p a r t  of la rge  system providing f o r  
energy needs as follows: 
I t  i s  i n  the  explorat ion,  development and 
The Panel has l imited i t s  considerations t o  space-based systems and t h e i r  
The poten t ia?  t r a n s f e r  of  space 
Yet, they are not s t r i c t l y  space-based appl icat ions 
In t h i s  r e s t r i c t e d  sense,  then, t he  Panel considers t h a t  space systems have 
Operations of  offshere  o i l  r igs :  
the  use of  ocean resources i n  the 1975-2000 period, the  predic- 
t i on  of sea-state, weather and wind conditions f o r  operat ions 
of o i l  production i n  offshore systems is  a major, d i r e c t  eco- 
nomic poten t ia l .  
North Sea, offshore Alaska and t h e  Canadian k c t i c ,  considerable 
operat ional  hazards and cos ts  are incurred. 
months of 1973 alone, insurance reimbursements f o r  damges i n  t h e  
North Sea o i l  r i g  operations were $35 mill ion.  
operations are a l l  impeded by ce r t a in  l eve l s  of s eve r i ty  of ocean 
weather conditions.  Production i s  the  most c r i t i ca l  phase of t he  
operat ions and is, therefore ,  the  most suscept ible  t o  environ- 
mental conditions and improvements i n  pred ic t ions  of these 
conditions.  
space appl icat ions programs. 
Sea and a carefu l  extension of loca t ion  of these  r e s u l t s  t o  about 
400 offshore d r i l l i n g  r i g s  operating worldwide i n  1974, new 
space systems present ly  considered by NASA f o r  development can 
y ie ld  bene f i t s  of between $100 mil l ion t o  $300 mil l ion,  by 
improvement over present ( including present space-based) sensing 
systems. 
With the  l i k e l y  expansion of 
In  regions of adverse sea-state, such as the  
During the  winter 
Offshore f i e l d  
Substant ia l  economic bene f i t s  can be expected from 
Ewed on experience i n  t h e  North 
Routing and scheduling of o i l  tankers and l i q u i f i e d  na tura l  gas 
(LNG) ships:  Spec i f ic  systems s tudies  need t o  be undertaken t o  
analyze the  po ten t i a l  contributions of space-based sensing and 
communications systems t o  the rout ing of la rge  scale tanker 
operat ions,  
t ranspor ta t ion  problem, Middle East t o  East Coast o i l  and LNG 
tanker  rout ing and scheduling, and possibly,  Arct ic  t a k e ?  opera- 
t ions .  Methodology i s  ava i lab le  f o r  such case s tud ies .  An 
example i s  included as Appendix B. 
Speci f ic  cases involve the  Alaska t o  West Coast o i l  
S i t i n g  and monitoring of land-based and offshore nuclear p lan ts :  
I t  is  believed t h a t  a va r i e ty  of present and fu ture  space-based 
sensors cotlld contr ibute  t o  environmentally acceptable operation 
of  la rger  sca le  offshore stru:tures, with adequate warnin6 of 
possible  adverse conditions.  
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United States and worldwide monitoring of o i l  s p i l l s  and predic-  
t i on  of  adverse sea states f o r  avoidance of o i l  s p i l l s :  As o i l  
tankers have increased i n  size, o i l  s p i l l s  have increased i n  
seriousness,  both i n  terms of the cos ts  of  damage t o  shores and 
t o  marine l i f e  and i n  teims of the  cos t  o f  containing the  s p i l l s  
and rscovering the o i l .  The poten t ia l  f o r  accidental  o i l  s p i l l s  
and i l l e g a l  discharges i s  very high.* 
Many, i f  not most, of the  major s p i l l s  a r e  t h e  r e s u l t  of accidents caused 
by inadequate sea-s ta te ,  routing, or navigation information. 
Alaska t o  West Coast t ransportat ion case study shows t h a t  the  probabi l i ty  of 
tanker co l l i s ions  i n  la rge  sca l e  operations expected i n  the  per iod 1985-1995 is  
very high, assuming present ly  avai lable  sea-s ta te  and routing information. 
Currently, information i s  almost invariably q u i t e  old by the  time it reaches a 
ship. 
using space systems. An inves t iga t ion  i n t o  the  l i k e l y  contr ibut ions of  SEASAT, 
W S  (Sy chronous Meteorological S a t e l l i t e ) ,  and o the r  new systems is  considered 
well warranted, i n  view of t h e  projected p robab i l i t i e s  of s p i l l s  and t h e i r  
seriousness.  
In the  longer term (beyond 1990), t h e  Panel bel ieves  t h a t  space technology 
can make mhjor ac t ive  (production) contributions t o  providing energy. 
energy is ccnsidered t o  be the  "second" unlimited source (fusion being the  "first"). 
For example, an 
Improvements i n  providing r e a l  time information could be provided by 
Solar  
MINERAL RESOURCES OTHER THAN FUELS 
An adequate supply of mineral resources i n  t h e  years 1980, 1990, o r  2000 
is one of t h e  nat ion 's  major concerns,** and the  ?anel bel ieves  t h a t  the normal 
in te rp lay  between the  f ac to r s  of pr ice ,  supply and demand, technica l  innovation 
and subs t i t u t ion ,  as well as reuse of minerals, w i l l  work f a i r l y  well -- but i n  
an npredictable way -- t o  meet most scarcities. 
systems can make very s p e c i f i c  economic contr ibut ions t o  t h e  search f o r  and the  
recovery of minerals, today and i n  the  near term. Air-borne side-looking radar  
systems a re  already i n  l imited use for  mineral explorat ion and the  Panel believes 
t h a t  space-borne equivalent systems could be more cos t  e f fec t ive .  
benefi ts  from the  use of space systems can be defined and measured i n  a very 
spec i f i c  context. 
Appendix 8. 
Some space systems can help i n  the  explorat ion and development phase of mining 
ventures. 
s a t e l l i t e s ,  are beneficial  i n  these e f f o r t s ,  they should not be included i n  the  
benef i t s  of addi t ional  new space capab i l i t i e s .  
The Panel f e e l s  t h a t  space-based sensing, information, and communication 
The po ten t i a l  
A methodology on how t h i s  can be done is presented as 
Space-based systems can he lp  i n  land-based and i n  offshore mining operations.  
As long as present space capab i l i t i e s ,  such a5 today's communications 
Spec i f i c  po ten t i a l  space 
*See, f o r  example, D. E. Kash e t  al ,  Energy Under the  Ocean: A Teckwlogy A s s e ~ s -  
ment. University of Oklahoma Press, Norman, 1973. 
Report of the  National Commission on Materials Policy. 
and the  Congress o f  t he  United S ta t e s ,  June 1973. 
**See, f o r  example, Materials Needs and the Envhvunent Today and Tomorrow, Final 
Submitted t o  the  President 
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contr ibut ions iden t i f i ed  b;. t he  Panel on Extractable  Resources* should be 
s tudied i n  an overa l l  systems context with an ana lys i s  of very spec i f i c  
appl icat ions.  
COMMUNICATIONS AND NAVIGATION 
From the  e a r l y  inceptions of  t he  poten t ia l  of space communications, 
through the applied research and technology phase and the  prototype Jemonstra- 
t i on  phase, the  na t iona l  development e f f o r t  has been so  successful t h a t  t h i s  
pa r t  of space appl icat ions (common-carrier-type communications using advanced 
technology, as t y p i f i e a  by I n t e l s a t  IV) has been turned over t o  industry.  
I n  the Panel's opinion, t he  "domestic opep skies" pol icy f o r  communications 
was a fu--ther, inspired,  and economically s t imulat ing s t e p  toward a free market. 
concept of space appl icat ions,  subject  only t o  the  laws of pr ice ,  deaand, and 
supply, with long l a s t ing  benef ic ia l  economic consequences t o  the  United S ta tes .  
the space communications program, a re  there  other major new opportuni t ies  i n  
space communications and navigation tha t  need economic, t echnica l  ana lys i s ,  and 
development e f f o r t ?  In answx,  the  Panel f e e l s  t h a t  new economic oppor'unities 
indeed exist i n  a l l  th ree  phases of the  innovative process: 
development, t r ans i t i ona l ,  and operational phases. 
t o  t he  conclusion t h a t  t he re  a r e  fur ther  opportuni t ies  t o  be vigorously pursued 
by the federa l  government and industry.  
An in tegra ted  analysis  of U.S. space communications needs and opportuni t ies  
i s  required with an outlook toward the  1985-199G period. 
a cormehensive assessment of federa l ly  funded e f f o r t s  during RGD, t r a n s i t i o n a l ,  
and operational phases (e.g., Department of Defense and o ther  such f ede ra l  users)  
and of industry-funded e f f o r t s .  
f o r  each of the  three phases. 
has as a cha rac t e r i s t i c  a mot iwt ion  t o  see its RGD results applied t o  c i v i l  
use) ,  t he  t r a n s f e r  of  t h e  R E D  and t r ans i t i ona l  phase r e s u l t s  t o  c ivi l ian uses 
should be i n s t i t u t i o n a l l y  assured by some o ther  mechanism i n  the  nat ional  eco- 
romic i n t e r e s t .  
The i ssue  of  the r o l e  of the  federal  government as compared with tha t  of 
pr'": 1.te industry needs a construct ive resolut ion.  
op-aLations can be i n s t i t u t i o n a l l y  funded and car r ied  out by p r iva t e  industry.  
But there  a re  s t rong economic arguments f o r  federa l ly  funded RED e f fo r t s .  
most d i f f i c u l t  i s sue  t o  be resolved is  the  t r a n s i t i o n a l  phase of neu technology 
and systems. 
In looking ahead t o  t h e  1985-1990 period, the  Panel an t ic ipa tes  a substan- 
t i a l  fur ther  increase i n  the demand fo r  telecommunications and f o r  new forms of 
communication. 
period, we expect a tout  a 2.5-fold increase in  t h e  amount of telecommunications 
alone (household and business).  
Nevertheless, we have t o  ask: given the  economic success of t h i s  p a r t  of 
research and 
The Panel has therefore  compile; t h e  following few comments t h a t  l ed  it 
By in tegra ted  we mean 
A c lea r  lead r o l e  should be assigned, na t iona l ly ,  
I f  t h a t  lead r o l e  is  not  assigned t o  NASA (which 
C i v i l i a n  space-communications 
The 
On the  bas i s  of bes t  avai lable  project ions t o  the  1985-1990 
This increase i s  projected with only simple 
*Panel on Extractable Resources. Pract:caZ Ap,rZZcations of Spacc Sptems, SuppoiitCng 
National Academy of Sciences,  Washington, 
Paper 6 :  
cations Board, National Research Council. 
D . C . ,  1975. 
Report of the  Panel on Extractable dee~ources. Report t o  the  Space Appli- 
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extensio:is of present ground and space-base technology, and a t  about present 
Fr ice  leve ls .  The technical  capabi l i ty  f o r  meeting t h a t  projected demand with 
present technology ( In t e l sa t  IV or V type) and expendable spPce t ranspor ta t ion  
capab i l i t i e s  i s  ser ious ly  questioned. 
project ion a subs t an t i a l  increase (by a f a c t o r  of 2) i n  telecommunications p r i ces  
i n  the  1985-1990 period due t o  developing l imi ta t ions  of supply. 
communicztions systems f o r  t he  1985-1990 period, beyond simple extensions of  
present technology, be s tudied,  
t ha t  evolve should be geared toward the  most economical, in tegra ted  u'-e of such 
new capabi l i ty .  
above and beyond the considerations under the  first comment. 
i n  the  next decade, we pro jec t  t o t a l  cap i t a l  invcstment needs i n  a l l  the  t e l e -  
communications sec tors  t o  rise from the  1973 estimate of $70 b i l l i o n  t o  about 
$150 b i l l i o n  by 1985 (present extensions of  technology). 
emplcyed w i l l  s t ay  f a i r l y  constant. 
sec tor  and i n  support o f  federa l  (not necessar i ly  NASA) R&D and t r a n s i t i o n a l  
phase funding are: 
Rather, we would expeLt i n  t h i s  basel ine 
Therefore, we recommend t h a t  a broad "top-down" reassessment of new space 
Very s p e c i f i c  R&D and t r a n s i t i o n a l  phase i ssues  
A concerted e f f o r t  on t h i s  p a r t i c u l a r  .spect i s  recommended 
To give perspective t o  the  magrlitude of economic f ac to r s  i;, communications 
The labor force 
Thc major quan t i t a t ive  economic findings concerning t h e  U.S. communications 
The time lag  between successful R&D a c t i v i t i e s  and implementa- 
t i o n  i n  operat ional  systems i s  anywhere bet;:een 7 t o  15 years. 
RGD is the  major f a c t o r  accsunting f o r  increases  i n  telecom- 
munications o i i t p t  i n  t h e  1945-1970 period. 
t o  communications R&D i s  about xwice t h a t  of d i r e c t  cap i t a l  
investment after allowing f o r  a 10-percent discount ram adjus e- 
ment t o  R&D re turns  (7  t o  15 years) .  
The " ra te  of  return" 
Most of the  R&D and sub.tantia1 port ions of the  t r a n s i t i o n a l  
phase e f f o r t  i n  t he  1945-1970 per iod were funded by the federa l  
g.ivernment. To discontinue t h i s  h i s to ry  of proven appl icat ions 
success would set a dangerous precedent. "he Panel bel ieves  
t h a t  i f  the United S ta t e s  i s  t o  maintain leadership,  we have t o  
continue to  push ahead i n  R&D, including the  introduct ion of 
major new innovations i n  space communications systems. 
benef i t s  and the  cos ts  of a l t e rna t ive  approaches need ana lys i s .  
The 
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PRFLIMINARY DESIGN OF COST-BENEFiT STUDIES 
In Appendices A and B of t h i s  report ,  two example cost-benefit study 
approaches are presented as i l l u s t r a t ions  f o r  application of the  cost-benefit  
techniques described earlier i n  t h i s  report. 
t o  review the  a s s q t i o n s  and data i n  these s tudies  i n  d e t a i l  and as a group 
nei ther  endorses nor r e j ec t s  the spec i f ic  findings presented. 
ever, tha t  they illustrate useful npproaches and suggest some important po ten t ia l  
pay-offs from space applications. 
Appentix A i s  a sketch of a theoret ical  made1 concerned with a weekly world- 
wide agricul tural  resources survey based on use of a space system. This study, 
because it is  prepared while the  space system is i n  t h e  RED stage,  deals  neces- 
s a r i l y  i n  broad ter.u both as t o  po ten t ia l  cost and benefits .  
as discussed i n  t h i s  report ,  develop the assumptions made and documents them 
through the stages of application f r o m  RED through operation, i l l u s t r a t i n g  a 
methodology t o  be used i n  planning the  economic scope of applications programs. 
on uaritime trafzic. 
operational phase, as both the technology and market application are f u l l y  defin- 
able f o r  cost-benefit  analysis.  
benefits  exceeding marginal costs.  
were chosen t o  demonstrate those extremes. 
t h e  potent ia l  of cost-benefit  modeling for investment decision i n  the  space 
applications area. 
The Panel has not had an opportunity 
We do believe,  how- 
I t  does, however, 
Appendix B is a case study prepared i n  1974 t o  i l l u s t r a t e  s a t e l l i t e  e f f ec t s  
n t h i s  instance, the study is concerned more with the  
The r e su l t s  are specific and indicate  marginal 
These two cases, at  opposite ends of the  applications cost-benefit spectrum, 
This, it w a s  fe l t ,  would demonstrate 

CONCLUDING REMARKS 
In  the  course of t h e  1974 Summer Study on Space Applications, t he  Panel on 
Costs and Benefits  has become increasingly s t imulated by t h e  po ten t i a l  benef i t s  
which have been iden t i f i ed  by t h e  user panels. A t  t h e  same time, it is recog- 
nized t h a t  these benef i t s  can only be  obtained a t  high cost and many years i n  
the fu ture  so t h a t  s p e c i f i c  benef i t s  are not  f u l l y  definable nor. 
Future cos ts  are almost as d i f f i c u l t  t o  es t imate  as fu tu re  benefi ts .  
current space s h u t t l e  payload model* i s  rea l ized  i n  the  1980-1991 era, t h e  cumula- 
t i v e  cos t s  of t he  space appl icat ions por t ion  o f  t he  payload model could amount 
by 1991 t o  about $11 b i l l i o n  i n  1972 d o l l a r s  f o r  payloads, launch cperat ions and 
data  acquisit ion.  The payload model pro jec ts  60 s h u t t l e  f l i g h t s  per year  for a l l  
uses, of which about 20 f l i g h t s  are f o r  appl icat ions missions. 
number of the  latter are projected t o  s a t i s f y  p r iva t e  users who might be expected 
t o  pay f o r  the  service,  having independently judged the  bene f i t s  t o  exceed thc  
costs.  
U t i l i za t ion  cos ts  such as da ta  and information processing are i n  addi t ion 
t o  the above cos ts  an4 i n  some cases, may be much l a rge r  than the d i r e c t  space- 
relate3 cost.  
t ha t  only a small p a r t  of t h i s  investment should be made merely because f u r t h e r  
technical development i n  space is  possible .  
on a nat ional  conviction t h a t  t h e  po ten t i a l  re turns  from space warrant t h e  s i z e  
of the  investment needed t o  push the  f r o n t i e r s  of knowledge fur ther .  
object ive analysis  tempts many t o  abandon analysis .  
s t r u c t  an appeal for  funding 01, i n t u i t i v e  grounds. 
over the  loilg and even the  shor t  term s ince  i t  leaves the  technologis ts  and 
users  subject  t o  equally i n t u i t i v e ,  even emotional, counter arguments. 
The Panel on Costs and Benefits  w a s  unanimous i n  i t s  conclusion t h a t  a 
rigorous investment ar-l cost-benefi t  analysis is  not only possible  but  would be 
benef ic ia l  i n  determining whether funds should be committed t o  f u l l y  operat ional  
systems. 
qua l i t a t ive  and judgmental. 
If the 
A s ign i f i can t  
C lea r ly  the  s i z e  of  t h e  resource commitment involved d i c t a t e s  
Ful l  j u s t i f i c a t i o n  must be based 
The complexity of t h e  problem and the  time and cost  required t o  complete an 
The a l t e rna t ive  i s  t o  con- 
This is a high-risk course 
In eai ' l ier  s tages ,  investment ana lys i s  must, of necessi ty ,  be more 
*Space shuttZe PayZoada: Hearings on Space Missions, Payloads, and Traff ic  fo r  
the Shuttle Era. 
October 30, 1973. 
U.S. Senate Committee on Aeronautical and Space Sciences, 
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The Panel has found t h a t  previous economic and cost-benefi t  s tud ie s  Of 
Such 
space appl icat ions have, i n  general ,  been well done. 
have been employed which have been bounded by inputs  and assumptions. 
s tud ie s  have usual ly  been aimed at  q u i t e  spec i f ic ,  o f ten  narrow, ta rge ts .  
is now a need f o r  an integrated study approach t o  appl icat ions which na tu ra l ly  
f i t  together  i n  terms of j o i n t  hardware or j o i n t  uses. 
The space appl icat ions program is now at t h e  point  of  maturity &ere more 
conventional investment techniques, such as return-on-investment ana lys i s ,  can 
be employed but these techniques must be applied judiciously.  Most bene f i t s  
and costs can be s u f f i c i e n t l y  quant i f ied for such analysis ,  but many cannot. 
There should be clear statements of  object ives  and a l t e r n a t i v e  solut ions.  
A pKoK agreements with decision-makers, such as t h e  Office of Management and 
Budget, should be reached as t o  decis ion criteria. 
The key investment decis ion points  occur before the  i n i t i a t i o n  of each of 
three phases (research and development, t r a n s i t i o n a l ,  and operat ional) .  
succeeding phase involves increased cos t ,  g rea t e r  conmitment and, concomitantly, 
more concrete information on which t o  rationalize t h e  pre-phase investment 
decision. 
wh ich  estimates of cos t  and r e tu rn  are continuously refined. 
degree of accuracy appropriate  t o  the  phase under considerat  L m :  
Conventional techniques 
There 
Each 
Investment ana lys i s  should be, i n  fact, an on-going process during 
Investment ana lys i s  should include she following f a c t o r s  s t a t e d  t o  the  
Econmic and market research 
Cost and benef i t  ana lys i s  
Technical confidence f ac to r s  
Management and i n s t i t u t i o n a l  de f in i t i on  
Break -even ana return-on- investment ana l y s i s  
However, s tud ies  and analyses do not ,  i n  and of themselves, make decis ions but 
provide log ic  and information for human decisions.  
and for appl icat ion serv ices  i s  needed as soon as possible.  
its f l e x i b l e  payload a l t e rna t ives  and capacity o f f e r s  opportuni t ies  f o r  cos t  
savings by s tandardizat ion of spacecraf t  and moddes within and across  programs, 
and opportuni t ies  t o  trade-off Lardware and t ranspor ta t ion  costs .  
Cost minimization should be emphasized by design-to-cost programs and clear 
de f in i t i on  of program requirements during conceptual phases. 
Definit ion and quant i f ica t ion  of benef i t s  are probably the  most d i f f i c u l t  t o  
accomplish but are amenable t o  modern management techniques applied on a phased 
basis .  
A pr i c ing  policy f o r  t he  space s h u t t l e ,  f o r  expendable vehicle  a i t e rna t ives ,  
The s h u t t l e  with 
Complete benefi t  analysis  should include: 
Economic ana lys i s  
Market research 
Ident i f ica t ion  of end-use problems -- q u a l i t a t i v e  
approach t o  lvsolutionslv and quant i ta t ive  benef i t s  
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Categories of benefi ts  should be separately iden t i f i ed  as: 
Private pecuniary benefi ts  
Social quant i f iable  benef i t s  
Social notquantifiable benef i t s  
Public po I i cy  nonqumt i f i ab le banof i t I 
The accumulation of data is aot itself a benef i t  but  can become a benefi t  
Goals and missions should be clearly established for all major organizational 
when it re su l t s  i n  some action. 
sub-divisions, with associated management respons ib i l i t i es  c lear ly  es tabl ished 
throughout each phase and f u l l  program Iife. 
Relationships between NASA and users should be established for: 
Cost-benefit determination 
Application planning 
Operational program implementation 
Who pays f o r  what 
The Panel on Costs and Benefits recommends t h a t  general management responsi- 
b i l i t y  be spec i f ica l ly  assigned throughout a l l  phases of an applications program. 
This includes coordinating users and user working I-roups. 
NASA should have t h i s  responsibi l i ty  i n  the  ear ly  program phases. 
To carry out even its current ly  assigned respons ib i l i t i es ,  NASA has a need 
f o r  in-house capabi l i ty  -- which it does not now have -- i n  requirements analy- 
sis, market research, and socioeconomic analysis,  
fur ther  in-depth cost-benefit s tudies  fo r  space applications: 
In the  Panel's opinion, 
The Panel on Costs and Benefits proposes t h e  following as candidates fo r  
Food supply and d is t r ibu t ion  
Energy sources and d is t r ibu t ion  
Mineral resources 
Comunications and navigaticn 
These categories were chosen because they will present major national and 
Space applications can make an important contribu- 
worldwide problems in  t h e  next decade, and t h e i r  solutions a r e  expected t o  
provide numerous benefits .  
t ion t o  these solutions.  
The Panel on Costs and Benefits has proposed examples for the  cost-benefit  
case models of space applications as  applied t o  agr icul ture  (worldwide agricul-  
tu ra l  survey] and t o  maritime t r a f f i c  (oil-tanker routing). 
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This is done t o  make two important points: 
1. Cost and benefit studies can be done with meaningful 
r e su l t s  f o r  decision-makers, a t  any stage of the  l i fe  
cycle of a new technology (RGD, t rans i t iona l  and opera- 
t ional phases) and 
2. The approach t o  measure the  benefits  of such programs is  
often significantly different from project t o  project and 
for each phase, requiring judgment and broad economic 
expertise i n  the many tools available f o r  economic and in- 
vestment analysis. 
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APPENDIX A* 
CASE STUDY OF AGRICULTURE (WORLDWIDE AGRICULTURAL SURVEY) 
Back ground 
The Panel on Agriculture, Forest, and Range of t h e  1974 summer study has 
In t h i s  case study, ad hoc "top-down" estimates of  t h e  po ten t i a l  benef i t s  and 
iden t i f i ed  t h e  d e s i r a b i l i t y  of weekly worldwide ag r i cu l tu ra l  crop information. 
maximum allowable research and development, t r ans i t i ona l ,  and operat ing costs** 
f o r  a 1990 Worldwide Agricul tural  (space) Survey (WAS) are developed. This 
exercise  i s  i l l u s t r a t i v e  and is not  presented as a *'hard** set of estimates.  In  
par t icu lar ,  no attempt is made t o  undertake a de ta i l ed  examination of t h e  i n s t i t u -  
t i ona l  and behavioral changes required t o  realize the  po ten t i a l  benef i t s  suggested. 
The point  i n  presenting t h i s  example is t h a t  f o r  cases where such la rge  po ten t i a l  
gains e x i s t ,  f u r t h e r  de ta i led  invest igat ion is c l ea r ly  ca l l ed  for. 
of information system envisioned looks f eas ib l e  i n  t h e  cos t  ranges suggested 
herein and i f  t h e  benef i t s  suggested seem possible  of a t  least p a r t i a l  r ea l i za t ion  
as more d e f i n i t i v e  ana lys i s  is undertaken, then t h i s  appl ica t ion  seem t o  be 
a s t rong candidate f o r  support. 
appl icat ion is needed (multiple systems, mult iple  users) and t h a t  a clear foca l  
or ien ta t ion  is needed f o r  purposes of economic as well as technical  analysis .  
worldwide ag r i cu l tu ra l  information. 
the hard, de ta i led  study of economic benef i t s  and cos ts  of ac tua l ly  implementing 
such a system. 
Range f o r  week-by-week worldwide ag r i cu l tu ra l  i n fomat ion  on crop acreage, con- 
d i t ion ,  and calendars (plowing, plant ing,  growing and harvesting;. Clearly t h i s  
is an ul t imate  goal f o r  information, and not a l l  of t h i s  information i s  gathered 
If the  kind 
We also think t h a t  an in tegra ted  view of each 
This appendix presents  an uninhibited view of  t h e  need f o r ,  and po ten t i a l  of,  
I t  i s  a generalized economic outlook without 
Needs were iden t i f i ed  by t h e  Panel.on Agriculture,  Forest ,  and 
*This appendix u t i l i z e s  information from a NASA-funded study performed by ECON, Inc., 
under Contract NASw 2558 and e n t i t l e d  The Economic VaZue of Remote Sensing of 
Earth Resources f r o m  Space Intensive Use of Living Re80~rCe8: 
Distribution Effects. 
August 31, 1974. 
fund a l loca t ions ,  i . e . ,  within the range j u s t i f i a b l e  by expected benef i t s .  
term does not mean t h a t  these funds have t o  be spent.  
mum allowable costs" t he  most e f fec t ive  integrated system has t o  be found t o  
achieve the expected benef i t s  from the  (postulated) capabi l i ty .  
AgricuZturaZ 
ECON Report 74-2002-10, Volume 3, Part 2, Princeton, N.J., 
**The term 9naximum allowable costs" is used here t o  ind ica te  the upper limit of 
The 
Within the  range of %maxi- 
A- 1 
only from space. Yet worldwide, week-by-week coverage cannot but r e l y  heavily 
or. space sensing systems ( E R E ,  €OS, SEOS, NIMBUS, SMS, SEASAT, and communica- 
t ions  satellites). 
Several points  t h a t  deserve emphasis follow: 
Such a worldwide system design i s  a long-term goal. 
Such a system is very ambitious and r e l a t i v e l y  cos t ly  when com- 
pared t o  present  space appl icat ions e f f o r t s .  
The determination of benef i t s  t o  t h e  United S ta tes  and t o  a l l  
nations needs carefu l  study. 
The degree t o  which the  benef i t s  from such information can be 
rea l ized  w i l l  heavily depend on how t h i s  i n fomat ion  is processed 
and made ava i lab le  t o  some or a l l  users and whether users  act on 
the  information i n  the d i rec t ions  assumed here. 
Two l a rge r  questions need t o  be addressed now: 
Do t h e  overa l l  po ten t ia l  benef i t s  f a r  outweigh any l i ke ly ,  
r a t iona l ly  managed systems cos t s  (RGD prGtotype, development, 
and operations) of a long-term program commitment by t h e  United 
S ta tes?  
If t h e  answer t o  t h i s  first question is  yes, can such a long-term 
commitment be a purpose and goal of t h e  U.S. space e f f o r t ,  and 
can i t  be undertaken i n  terms of t h e  investment needed t o  do so 
and i n  terms of benef i t s  t o  the  nat ion and mankind? 
The Current [July 1974) World Food Grain S i tua t ion  
As the  peak growing season of 1974 approaches, events lead one t o  bel ieve 
t h i s  i s  a year i n  which the  outcome of the spr ing food gra in  harvest  w i l l  be 
extremely important t o  the  economic and p o l i t i c a l  s t a b i l i t y  of  t h e  world. Grain 
stocks have not been r e b u i l t  s ince  1972 when large reductions resu l ted  from poor 
c rc - s  i n  many areas of t h e  world. 
weather, the spr ing crops were planted very l a t e  i n  North America and i n  the  
western areas of t h e  USSR. Moreover, t h e  Indian monsoon i s  now two weeks la te  
and the  poss ib i l i t y  of a monsoon f a i l u r e  must be considered ser iously.  Out of 
a poten t ia l  world food gra in  crop of 710 mil l ion metric tons (MMT), a t  l e a s t  
100 blMT are growing under high r i s k  conditions. With stocks a t  a minimum, the  
allowable margin f o r  e r r o r  is obvjously small. 
several key grain-producing areas could r e s u l t  i n  a world food crisis of a magni- 
tude t h a t  i s  beyond our current a b i l i t y  t o  r a t iona l i ze .  
important t h a t  those suppl ies  t h a t  are produced be d i s t r ibu ted  e f f i c i e n t l y .  
Accurate and t i m e l y  information about prospective crop conditions is  v i t a l  t o  the 
d i s t r ibu t ion  process today. Over the  next decades, t h i s  precarious balance seems 
l ike ly  t o  increase i n  importance. 
This year (1974), as a r e s u l t  of inclement 
Poor weather i n  any one of 
Needless t o  say, it is  
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The following paragraphs descr ibe b r i e f l y  t h e  current  s i t u a t i o n  as it exists 
i n  several  key areas and indica te  the  major t h r e a t s  t o  t h e  crops i n  thosa areas. 
The spr ing wheat crop i n  North America is a fast  growing va r i -  
e ty  which matures i n  95 t o  100 days. 
by late May and harvested by t h e  end o f  August. 
well over ha l f  of t h e  spr ing wheat crop was not planted u n t i l  
ea r ly  June ( th i s  was t h e  latest plant ing i n  h is tory)  and w i l l  
not mature u n t i l  mid-September. 
very real and an e a r l y  f r o s t  could be disastrous.  
ing area is bounded by 112'W and 95'W 
It is  normally planted 
This year  
The t h r e a t  of f r o s t  damage i s  
The produc- 
and 45'N and 55'N. 
The spr ing wheat crop i n  t h e  USSR was planted la te  a l so ,  bu t  
no one knows exact ly  how late. This wheat is grown i n  a semi- 
arid climate i n  the  cen t r a l  por t ion  o f  t h e  USSR and is a r i sky  
crop i n  any year. 
usual, but,  because of t h e  la te  plant ing,  harvest ing condition 
may be a problem also. 
p a r t  of t he  USSR i s  j u s t  before a ra iny  season. 
are 65'E and 90'E and 45'N and 57'N. 
This year it is threatened by drought, as 
Strangely enough, t h e  harvest  i n  t h i s  
The coordinates 
The outcome of t h e  Indian monsooq while critical, w i l l  be well 
known i n  the  next few weeks. 
Chinese weather information is d i f f i c u l t  t o  obtain,  bu t  t he re  
is evidence of drought i n  the  Peking area. 
produced i n  t h e  area bounded by l lO'E and 120'E and 40'N and 
52'N. 
Most food grain is 
Likely Impact of Information Uncertainty 
Extensive economic research i s  present ly  ongoing i n  determining t h e  value of 
information i n  U.S. agricul ture .  
i s  the  react ion of food grain pr ices  t o  changes i n  expected food crops. 
bes t  estimate t o  da te  (July,  1974) o f  t h i s  r e l a t i o n  between food p r i ces  and food 
quant i t ies  is an l l e l a s t i c i ty  of  demandq1 of about 0.15 f o r  wheat ( interim esti- 
mate) , and somewhat lower f o r  t o t a l  food grains;  i.e. , a 1-percent rise i n  wheat 
pr ices  w i l l  lead t o  a 0.15-percent reduction i n  wheat consumption and conversely, 
a 1-percent reduction i n  the  expected quant i ty  of wheat crops w i l l  lead t o  
a 6- t o  7-percent increase i n  the  p r i ce  f o r  wheat food crops. 
ex is t ing  uncer ta in t ies  therein,  leads t o  the  following observations:  
One s ign i f i can t  ingredient  i n  t h i s  determination 
Any 
This key finding, when applied t o  the  current  world food s i tua t ion ,  and 
The d i s t r ibu t ion  value of the  610 MMT not  growing under high 
r i s k  conditions w i l l  be about $196 b i l l i o n ,  with a needed 
extreme readjustment of inventory, consumption, export ,  and 
import decisions. 
would be about $24 b i l l i on .  Many independent decis ions and 
decision-makers a re  involved. 
not harvested or  plowed under f o r  t he  next crop cycle might be 
The value of 100 MMT growing under high risk 
A t  these pr ices ,  crops present ly  
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harvested, and land not now cul t iva ted  might be opened, o r  land 
now only used "extensively" might be i r r i g a t e d ,  f e r t i l i z e d ,  etc. 
Yet we w i l l  not know f o r  another 8-12 weeks what the ac tua l  con- 
d i t ions  of worldwide food crops w i l l  be, although these could 
be determined, t o  a major extent ,  by W A S  systems. 
Case 1 (Maximal Benefit) 
The market immediately expects t he  worst, i.e., t h a t  instead of  710 W, 
only 610 h W  w i l l  be harvested. 
of food grain) w i l l  r ise according t o  t h e  measured e l a s t i c i t y  of  0.15 t o  a l eve l  
around $322 per  metric ton. (See Figure I.) The U.S. gra in  export volumo of  
$18 b i l l i o n  w i l l  rise t o  a leve l  of $36 b i l l i o n  a t  the  end o f  t he  crop exporting 
period with an average export revenue flow of $27 b i l l i o n  (a heavy cos t  t h i s  year 
t o  consumers). 
perform adequately, i.e., the marginal 100 M are harvested and next year ' s  
production w i l l  continue a t  710 h W  (steady state), then next year  t he re  w i l l  be 
810 M (710 M T  harvested,  plus  the  100 MMT of 1974 "windfall" harvests)  ava i l -  
able for dis t r ibu t ion .  
ton. 
( i n i t i a l l y )  t o  about $10 b i l l i o n  (after 12 months), with an average annual volume 
of about $14 b i l l i o n ;  t h i s  adjustment leads t o  a benef i t  next year (1975) t o  
consumers, a l b e i t  smaller than t h i s  year's cos t .  (See Figure I.) The t o t a l  
soc ia l  ne t  loss  due t o  t h i s  present  lack of information about what might happen 
two months hence i s  about $8 b i l l i o n  worldwide, the  t o t a l  U.S. domestic loss is 
about $2 b i l l i o n  (about 1/4 of t h e  $8 b i l l i o n ) ,  and losses  due t o  U.S. export 
decision uncer ta in t ies  about $3.2 b i l l i on .*  Total  U.S. losses  could be as high 
as $5.2 b i l l i o n .  The timely use of  W A S  information is a necessary condition if 
these losses  are t o  be avoided. 
Pr ices  now preva i l ing  (about $161 per  metric ton 
If it turns  out t h a t ,  contrary t o  expectations,  a l l  four  c r i t i c a l  regions 
Prices w i l l  then drop t o  about $80 t o  $100 pe r  metric 
United S ta t e s  exports w i l l  drop from a steady s ta te  volume of  $18 b i l l i o n  
Case 2 (Likely Gains) 
The o r ig ina l ly  expected world food gra in  crop f o r  1974 was 710 MMT. 
t o t a l  uncertainty i n  the  expected harvest ,  however, w a s  about 100 MMT (see Case 1) .  
The remote sensing systems now being considered w i l l  not e l iminate  a l l  of 
t h i s  uncertainty,  even with a considerable investment i n  new technology, and even 
aftet .  10 t o  15 years of operat ional  systems use. A considered judgment -- fo r  
purposes of t h i s  exposit ion -- is t h a t  a 25-percent reduction i n  the  t o t a l  
-ancertainty i s  reasonable by 1990 -- f o r  wDrldwide food crop harvest  measurements, 
i .e . ,  a reduction from 100 tW t o  75 MMT. 
economic gains f m m  t h i s  reduction indicated by the  hatched area.  
The 
This 25-percent reduction i n  uncertainty i s  depicted i n  Figure 11, with the 
The reader  w i l l  
* A l l  quant i ta t ive  estimates given here are based on analyses of t he  U.S. agr icu l -  
t u re  sec tor ,  applied worldwide. 
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WORLD FOOD GRAIN CROP 
MILLION METRIC TONS 
FIGURE I CASE 1 - M4XIMAL BENEFIT 
FIGURE I1 CASE 2 -LIKELY GAINS 
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notice  t h a t  a 25-percent reduction i n  uncertainty leads t o  about 50-percent of 
the  t o t a l  benef i t s  a t t r i b u t a b l e  t o  pe r fec t  information. The improvements t o  be 
brought about by remote sensing technology i n  the  next 10 t o  15 years w i l l  make 
t’le most important po ten t ia l  contribution, while improvements beyond the  assumed 
1S90 level of  crop information technology w i l l  be less benef ic ia l .  
decreasing economic re turns  t o  fu r the r  incremental improvements. 
react ions of world food grain markets and the  t o t a l  expected net loss  t o  soc ie ty  
as ;L r e s u l t  of t h i s  reduction i n  uncertainty.  The t o t a l  ne t  worldwide gain from 
t h i s  improvement i s  about $4 b i l l i o n  of  which $1 b i l l i o n  is  the  t o t a l  net  domestic 
United S ta t e s  gain. United S ta t e s  export decisions would now range between 
$12 b i l l i o n ,  with l i k e l y  U.S. gains from t h i s  reduction i n  uncertainty of 
$1.6 b i l l i o n .  Total  po ten t i a l  U.S. gains due t o  t h i s  reduction i n  uncertainty are 
about $2.6 b i l l i o n  ($1 b i l l i o n  U.S. domestic gains,  $1.6 b i l l i o n  gains from 
improved export decis ions) .  
cases i n  RGD pol icy decisions w i l l  r equi re  considerable empirical  work -- i n  some 
areas even advances i n  the  s ta te -of - the-ar t  i n  economics. But such measurements 
a r e  indeed possible .  
There are 
Figure I1 depic ts  -- with p r i c e  e l a s t i c i t y  as of June, 1974 -- t he  l i k e l y  
Again, a l l  of  these numbers are i n i t i a l  estimates.  Firmer estimates f o r  
Extension t o  WAS Information Benefits 
Cases 1 and 2 describe the  s i t ua t ion  of J u l y  1, 1974, about 2 months before 
Uncertaint ies ,  i n  f a c t ,  e x i s t  through- f i n a l  Northern Hemisphere crop harvests.  
out the  crop year, i n  both the  Northern and Southern Hemispheres. 
inventories depleted, t he  uncer ta in t ies  throughout the crop year are probably 
best  described by Case 1 re su l t s .  
as  ERTS, EOS, SEOS, NIMBUS, SMS, SEASAT) on a weekly bas i s  throughout the  world, 
taking cloud cover i n t o  account ( f o r  cloud cover-sensit ive systems l i k e  ERTS), may 
lead t o  only a 50 percent reduction in  ex is t ing  uncer ta in t ies .  
t o t a l  quan t i t a t ive  lo s s  estimates of Case 2 ( 2  months) a l so  represent l i k e l y  mini- 
m u m  gains from W A S .  Added t o  t h i s  es t imate  should be expected gains  i n  production 
(we estimate about 1/4 of t h e  d i s t r ibu t ion  benef i t s )  o f  about $800 m l l i o n ,  f o r  a 
t o t a l  ne t  value added assessment of WAS as  shown i n  Table I. 
With food gra in  
A l l  of WAS information (by remote sensing such 
Therefore, the  
Distr ibut ion 
Export/ Import 
Production 
Porld 
$4.0 b i l l i o n  
United S ta t e s  -
$1.0 b i  1 l ion  
1.6 b i  1 l ion  1 arge 
8 b i  1 l ion  3.2 b i l l i o n  
$3.4 b i  1 l ion  $7.2 b i l l i o n  plus  
TABLE I POSSIBLE ANNUAL GAINS FROM WAS 
OVER PRESENT INFORMATION STATE 
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Implications of Results t o  Space Applications Program 
Considering U.S. benef i t s  only of Table I ,  t h e  1974 present value of an 
operational W A S  program from 1990 onward ( i n f i n i t e  horizon)* at  10 percent d i s -  
count, is $8.4 b i l l i o n  t o t a l .  (The 1990 value of $3.4 b i l l i o n  annually from 
thence f o r t h  is approximately $34 b i l l i o n  which discounts t o  $8.4 b i l l i o n  i n  
1974.) To realize these  bene f i t s ,  and provide f o r  bas ic  cos ts ,  cos t  uncertain- 
t ies  and overruns, a research, development, demonstration, and implementation 
program as shown i n  Table I1 would be "allowable." 
1975- 79 19Po-84 1985-90 1990 on 
RGD RGD Trans i t iona l  Operational 
Annual budget $200 mi l l ion  $400 mil l ion $800 mil l ion $200 mil l ion 
pe r  year 
Total  budget f o r  
years indicated $1 b i 1 l ion  $2 b i l l i o n  $4 b i 1 1 ion 
TABLE I1 MAXIMUM ALLOWABLE WAS RGD, TRANSITIONAL 
AND OPERATIONAL PHASE COSTS 
The present  value of t h e  WAS RED, t r a n s i t i o n a l  and operat ional  phase invest-  
ment cost  (again with i n f i n i t e  horizon from 1990 onward) is $4.2 b i l l i o n  a t  
10 percent discount. 
cycle costs  and benef i t s  (U.S. only). - 
would re turn ,  af ter  allowing f o r  a 10 percent discount rate, $ 2  f o r  every 
$1 spent,  based on bene f i t s  t o  the  United S ta t e s  only, and much more i f  WAS can 
be developed f o r  a lower cost .  
Figure 111 shows tbe t o t a l  "allowable" W A S  program l i f e  
? WAS investment, seen i n  t h i s  context,  
Major Tasks f o r  In-Depth Analysis 
There e x i s t  overla2ping user  needs and space sys  tem requirements between 
the Agricultme, Forest ,  and Range, Land Use, Extractable Resources, Weather 
and Climate, and Environmental Quality Panels of t he  1974 Space Applications 
Study. 
programs from space is c l ea r ly  called for .  
study" is  meant t o  include t h e  use of a l l  avai lable ,  and po ten t i a l ly  conceivable, 
remote sensing systems from space, analyzed toward achieving one common overa l l  
An in tegra ted  investment study of ag r i cu l tu ra l  ear th  resources surveying 
The term "integrated investment 
*An i n f i n i t e  horizon f o r  evaluation purposes of W A S  i s  c l ea r ly  indicated f o r  a 
nat ional  decis ion,  altnough t h i s  may not  be i n t u i t i v e l y  obvious. 
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i 974  PRESENT VALUE U.S. BENEFITS: $8.4 BILLION 
1974 PRESENT VALUE US. COSTS: $4.2 BILLION 
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I 
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OPERATIONAL 
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US. PRODUCTION 
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A- 8 
goal, f o r  example, i 1990 operational worldwide weekl;. ag r i cu l tu ra l  survey cays- 
b i l i t y .  The components of  such a t o t a l  investment ana:;sis are: 
Measurement of Like ly  Benefits of an Operational Integrated System: A l l  
available too ls  of economic analysis ,  such as market research approaches ds well 
as economic analysis  and estimation techniques, have t o  be brcught t o  bear on 
t h i s  p a r t  of the  problem, requir ing experience, imagination, and improvisatioa, 
where necessary. New econometric models of t he  agr icu l tura l  s ec to r  do not ye t  
eAist and h;l*.z tl be developed, tes ted ,  and estimated. 
i c a l l y  be s u i t e d  f o r  measuring t h e  value of more timely and more accurate infor-  
nat ion derived from remote sensing. 
Production effects, d i s t r ibu t ion  effects, and world t r ade  effects each need 
separate  analysis.  
d e t a i l  of economic analysis  can expand and a id  i n  the  technical  systems ..efini- 
t i on  and trade-off s tudies .  
These models must specif-  
This i s  a research e f f o r t  o f  some magnitude. 
Also, as the  integrated systems de f in i t i on  progressep .. t he  
Determination of " M a x i m u  Allowableff Research, Development, Investment and 
b e r a t i o n s  Costs of An Integrated System: The Dart of t h e  analysis  concerned 
with maximum allowable cost; t r ans fa t e s  the expkcted fu tu re  benkfi ts  of an opera- 
t i ona l  system i n t o  upper boundaries t o  the t o t a l  na t iona l  program budgets needed 
t o  bring about an v ie ra t iona l  WAS system. I t  i s  within these  budget cons t ra in ts  
t h a t  t he  t o t a l  integrated system has t o  be de.cim.ed, developed, deployed and 
operated. (See Figure 111.) 
Determination of Most Economical (Effective) Integrated Systems Within 
Imposed Budget Constraints:  The s a t e l l i t e s  ERTS, EOS, SEOS, NIMBUS, SMS, to  
mention 2 few, a l l  have t o  be examined, system by system and l a t e r  subsystem by 
subsystem, as t o  t h e i r  r e l a t i v e  contribution and merit t o  the  overa l l  program 
goals within the imposed budget limits. Again, many tools  of economic-investment 
and operations-research analysis  e x i s t  t o  do t h i s  demanding p a r t  of the  analysis .  
Requirements: In any one of  the  above three  p a r t s  of  an in tegra ted  a g r i w l -  
t u r a l  ea r th  resources survey analysis ,  close cooperation with the  Off ice  of 
Management and Budget (OMB) i s  desired,  pa r t i cu la r ly  i n  the  i n i t i a l  program study 
phases. 
necessary, the OMB as well as the  federa l  agencies involved should be open t o  a 
rec?efinition of the  approach and the  ground rliles. 
Ground ru l e s  should be agreed upon, techniques reviewed, and where 
Important i n s t i t u t i o n a l  questions need study and reso lu t ion  i n  p a r a l l e l  w i t h  
the  technical  and economic analysis  of  t h i s  appl ica t ion  poten t ia l .  
deview of WAS Benefits 
The Ju ly  1, 1974, worldwide ag r i cu l tu ra l  food grain crop s i tua t ion  i s  taken 
O f  an o r ig ina l ly  expec;ed 710 MMT wor'l food as the  basel ine f o r  the  estimates. 
grain crop, about 100 MMT a r e  now growing i n  high r i s k  areas: North America 
(112'W t o  95OW and 45"N t o  SS'N), USSR (65"E t o  90'E and 45'N t o  57'N), China 
( l l O O E  t o  120'E and 40°N t o  52'N) and the  Indian Subcontinent. With E. 700 MMT 
world crop, we estimate 1 MMT t o  be worth $160 mill ion; with a 600 MMT world 
crop, we estimate 1 MMT t o  be worth about $300 mill ion.  Gains from a 1990 WAS 
system a re  estimated i n  Table I .  
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The ra t iona le  f o r  production benefi ts  i s  the  in te rac t ion  between more ~ C C U -  
$0 i n s t i t u t iona l  innovation is  assumed here.  ) 
ra te ,  early p r i ce  information with acreage allotment , plowing, growing and har- 
vesting decisions. 
f o r  import-expcrt benefi ts  is a combination cf d i s t r ibu t ion  production benefi ts  
i n  internat ional  trade. 
an i n f i r i t e  horizon is, a t  a 10 percent discount rate, $8.4 b i l l i on .  These bene- 
f i t s  w i l l  be res l ized  onlv hy drawing on a whole range of space syr.tems -- r a t h e r  
than any one s ingle  spa - . E t  system -- such as ERTS, EOS, SEOS, SMS, and NIMBUS. 
costs,  the term " m a x i m u m  allowable" cos ts  is  used. This term denotes the  upper 
l i m i t  of expenditure leve ls  based on the estimated benefi ts .  These f igures  are 
not an estimate of costs.  
developed, with allowable R&D phase costs  of  $200 mil l ion pe r  year f r o m  1975 t o  
1979, $400 mill ion a year frcq 1980 t o  1984, maximum allowable t r a n s i t i o n a l  phase 
costs of $800 mill ion a year from 1985 t o  1989, and systans operational cos 
$200 million a year from 1990 t o  i n f i n i t y .  
alluuable costs  i s  $4.2 b i l l i o n .  
costs a t  10 percent. 
W A S  would consis t  of an integrated use of systems l i k e  ERTS, EOS, SEOS, NIMBUS, 
SMS and would use the  Tracking and Data Relay S a t e l l i t e  f o r  real time communica- 
t ions.  
budget limits t o  U.S. space appl icat ions a c t i v i t i e s  f o r  broad ag r i cu l tu ra l  uses. 
The r a t iona le  
The present value in  1574 of these anma1 benef i t s  t o  the  U.S. f r o m  1990 t o  
In r e l a t ing  ths benef i t s  t o  t h e  RED, t r ans i t i ona l ,  and operat ional  phase 
A maximum p l l w a b l e  RED, t rans i t iona l  and operat ional  phase budget is 
of 
The present value of these m a x i m u m  
On every $1 invested, $2 would be returned after discounting benef i t s  and 
An in-depth systems and economic study of such a program is recommended. 
The benefit5 include U.S. benef i t s  only. 
The allowable RED and t r ans i t i ona l  cos ts  can be considered maximum allowable 
Further study should include: 
Investigation of the pr iva te  gains (above soc ia l  gains not 
inclue-d here) t o  be accrued through the exclusive use of WAS 
information. 
Analysis, similer t o  t h a t  used f o r  U.S. benef i t s ,  of t he  e f f e c t s  
Jnalyzed: (1) WAS information made ava i lab le  t o  a l l  countr ies ,  
( 2 )  W A S  information avai lable  only t o  the  United S ta t e s .  
improved information on world trade.  Two cases should be 
Definit ion of the  ranges of soc ia l  and pr iva te  gains,  which 
vary substant ia l ly ,  depending on how and t o  whom WAS informa- 
clun is made avai lable .  
All of the ident i f ied  areas and sources of soc ia l  and p r iva t e  gain need 
empirical work; i .e. ,  t h e  f ac t s  have t o  be checked and ver i f ied  through quant i ta-  
t i v e ,  econometric work over 1 2  t o  24 months, i n  p a r a l l e l  with an in tegra ted  
systems engineering study oi' tser technical needs. 
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APPENDIX B 
USE OF SATELLITE DATA ON THE ALASKAN O I L  M A R I N E  L I N K *  
I .  I n t r o d u c t i o n  
O i l  must  b e  c a r r i e d  by  t a n k e r  f rom o n e  p o r t  o f  o r i g i n  a: V a l d e z ,  
A laska ,  t o  t h r e e  p o r t s  of d e s t i n a t i o n  on t h e  west c o a s t  of t h e  
U n i t e d  S t a t e s  ( s i n c e  t h e  f i n a l  d e s i g n a t i o n  of p o r t s  h a s  y e t  t o  b e  
made, t h e y  were assumed f o r  t h i s  s t u d y  t o  b e  t h e  p o r t s  o f  J u a n  d e  
Fuca a t  S e a t t l e ;  Coos B a y ,  Oregon ;  and  S a n t a  B a r b a r a ,  C a l i f o r n i a )  
t o  c o m p l e t e  t h e  l i n k  be tween  t h e  N o r t h e r n  S l o p e s  f i e i d  a n d  the U.S. 
consumers .  T h e r e  w i l l  i n i t i a l l y  b e  1 3  t a n k e r s  d e d i c a t e d  t o  d e l i v e r -  
i n g  t h i s  o i l .  O i l  w i l l  f l o w  i n t o  Va ldez  from t h e  N o r t h e r n  S l o p e s  of 
Alaska  a t  t h e  r a t e  o f  1,200,000 b a r r e l s  p e r  d a y .  Both t h e  number of 
t a n k e r s  (13)  and  t h e  p r o d u c t i o n  o f  o i l  i n  Va ldez  ( 1 , 2 0 0 0 , 0 0 0  b a r r e l s  
p e r  d a y )  w i l l  b e  i n c r e a s e d  i n  s u b s e q u e n t  p h a s e s .  
T h e r e  w i l l  b e  s t o r a g e  c a p a c i t y  t o  s e r v e  a s  b u f f e r s  i n  t h e  p r o -  
d u c t i o n  and  d i s t r i b u t i o n  p r o c e s s .  The s t o r a g e  t a n k s  w i l l  b e  l o c a t e d  
a t  Va ldez  a s  w e l l  as  a t  t h e  t h r e e  west c o a s t  p o r t s .  T h i s  m a r i n e  
l i n k  i s  i l l u s t r a t e d  i n  F i g u r e  I .  
Us ing  more t i m e l y  s a t e l l i t e  f o r c c a s t s  may i m p a c t  on t h e  
o p e r a t i o n  o f  t h i s  l i n k  i n  s e v e r a l  w a y s .  An a c c u r a t e  w e a t h e r  and 
*This appendix i s  based on work done by William E. S tee le ,  ECON, Inc., for t he  
The appendix will appear as a National Aeronautics and Space Administration. 
paper i n  a fu tu re  issue of J o m Z  of Transport Econdcs and Policy.  
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F i g u r e  I O v e r v i e w  of Alaskan  O i l  Mar ine  L i n k  
ocean  c o n d i t i o n s  f o r e c a s t  may p r e v e n t  a s h i p  from l e a v i n g  p o r t  
and s a i l i n g  i n t o  a s torm.  The t a n k e r  c a n  r ema in  i n  p o r t  i f  t h e  
storm i s  b r i e f  and i n t e n s e  or i t  can s a i l  o u t  and make an i m m e -  
d i a t e  d i v e r s i o n  t o  a v o i d  t h e  s t o r m .  A s h i p  i n  s t o r m y  w e a t h e r  
m u s t  c u t  i t s  s p e e d ,  somet imes  by a s  much a s  f i f t y  p e r c e n t .  I n  
a d d i t i - n  t o  t h e  t i m e  l o s s ,  t h e  p r o b a b i l i t y  o f  damage, loss o f  
l i f e  and o i l  s p i l l  t h r o u g h  g r o u n d i n g  o r  c o l l i s i o n  i n c r e a s e s .  
A l s o ,  when  a s h i p  i s  a t  s e a ,  a t i m e l y  and c rccu fa t e  
w e a t h e r  and ocean  c o n d i t i o n s  f o r e c a s t  may p e r m i t  a l t e r n a t i v e s  
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i n  r u t i n g  t h a t  w i l l  e n a b l e  it t o  b y - p a s s  t h e  s t o r m .  T h i s  maneu- 
v e r  i s  somewhat l i m i t e d  o n  t h e  A l a s k a n  r u n .  The basic r o u t e  h u g s  
t h e  coast  and  a d j u s t m e n t s  can  o n l y  be made by h e a d i n g  o u t  t o  sea. 
T h e r e  is ,  t h u s ,  l i t t l e  i f  a n y  t i m e  s a v i n g  by t h i s  p a r t i c u l a r  
a c t i o n .  B u t ,  of c o u r s e ,  t h e  w e a t h e r  damage o f  t h e  s torm i s  s t i l l  
a v o i d e d  i n  t h i s  i n s t a n c e .  I n  a d d i t i o n  t o  t h i s  maneuver ,  i f  con-  
d i t i o n s  a r e  i m p r o v i n g ,  t h e  t a n k e r  may be s e n t  o n  a more 
d i r e c t  r o u t e  wh ich  w a s  i n i t i a l l y  s tDrmy.  T h i s  g a i n s  t i m e  a n d  
f u e l  a n d  avoids  w e a t h e r  damage. Thus ,  t h e  b e n e f i t s  of r o u t i n g  a r e  
t h r e e f o l d .  F i r s t ,  it saves t i m e  a n d  t h e  o p e r a t i n g  c o s t s  associated 
w i t h  t h e  t i m e  s a v i n g ,  p r i n c i p a l l y  labor cos t s .  S e c o n d ,  it saves 
f u e l  b e c a u s e  t h e  t a n k e r s  s p e n d  l e s s  t i m e  a t  sea a n d  m a i n t a i n  a 
more s t e a d y  a n d  e f f i c i e n t  s p e e d  d u r i n g  t h a t  t i m e .  And t h i r d ,  
it lessens weather damage. 
Besides  be t t e r  w e a t h e r  a n d  o c e a n  c o n d i t i o n s  forecas ts ,  
t h e  o i l  s h i p m e n t  cos t s  w i l l  b e  a f f e c t e d  by t h e  u t i l i z a t i o n  o f  
t h e  v a r i o u s  t y p e  t a n k e r s  t o  t h e  d i f f e r e n t  p o r t s .  T h i s  i s  b e c a u s e  
t h e  t a n k e r  t y p e s  v a r y  i n  t h e i r  c o s t  of d e l i v e r y  p e r  b a r r e l  and  
b e c a u s e  t h e  p o r t s  a re  n o t  z q u i d i s t a n t .  I t  w a s  n e c e s s a r y  t h a t  a n y  
b e n e f i t s  model  b e  a b l e  t o  d i s t i n g u i s h  be tween  cos t  s a v i n g s  a r i s i n g  
f rom b e t t e r  w e a t h e r  f o r e c a s t s  o r  f rom be t t e r  u t i l i z a t i o n .  
A m a t h e m a t i c a l  model  w a s  d e v e l o p e d  t o  p e r m i t  a n a l y s i s  o f  
t h e  u t i l i z a t i o n  p r o b l e m  and  t o  a l low f o r  t h e  i m p a c t  o f  be t t e r  
w e a t h e r  and  o c e a n  c o n d i t i o n s  i n f o r m a t i o n .  By a s y s t e m a t i c  
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simulation procedure with the model it was possible to separate 
the influences of utilization from weather forecasting. The 
model was kept general enough to apply to any marine transport 
link system with one origin, multiple destinations, a dedicated 
fleet of ships of varying capacities, and storage capability at 
the origin and destinations. 
11 I The Msdel 
The kaci-c cost parameter on which the model is built is 
the cost of shipment per barrel. The cost of shipping a barrel 
of oil depends on the size of the tanker, the time of the year, 
and the port of destination to which it is to be shipped. This 
may be expressed as 
-- 
a = a. x 
ijk ijk j 
where 
a = cost of shipping one barrel of oil ($/barrel) 
h = the capacity of the tanker (barrels/shipload) 
a = cost of a f u l l  tanker delivery ($/shipload) 
i = time period 
j = tanker type 
k = destination 
which is the cost of shipping one shipload of oil in period i by 
tanker type j to destination k. 
If satellite information proves beneficial, a percentage 
decrease in any period i in the cost of shipping a barrel of o i l  
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of the magnitude of 6i should be expected. 
sides by (1-6.1, we get the new cost of a full tanker delivery 
Multiplyiig both 
1 
as 
Besides this cost of delivering a tanker filled with oil, 
the marine decision must consider the storage capacity and the 
associated costs at both ends of the marine link. For example, 
if costs of shipping are expected to be especially high in the 
next period due to bad ocean conditions, shipments in that p e r i o d  
may be suspended  i n  f a v o r  o f  i n c r e a s e d  s h i p m e n t s  i n  t h e  
present period, increased storage at the destination in the 
given period and increased shipments in the subsequent run. In 
general, trade-off can be made amongst shipments, storage at the 
origin and storage at the destination and among the various size 
tankers. For the sake of simplicity it will be assumed that 
there is not significant oscillation in the storage of oil 
in a single time period. Storage either increases or decreases 
linearly in a given period. Further, it is assumed that there 
is a part of the operating cost of the storage operation which 
is linearly proportional to the amount of oil in storage. This 
leads to a cost minimization objective fur.ation of the form 
+ c c  'ik ('ik + 'i-l,k 
2 
i=l k=l (1.1) 
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where  
C = t o t a l  c o s t  o f  m a r i n e  l i n k  for  p e r i o d  1 t o  t 
( $ / p e r i o d s  1 t o  t )  
X = number o f  s h i p l o a d s  i n  p e r i o d  i of  t a n k e r  t y p e  
i jk  j s h i p p e d  t o  d e s t i n a t i o n  k ( #  of  s h i p l o a d s / p e r i o d )  
Yi = number of b a r r e l s  of o i l  i n  s t o r a g e  a t  t h e  end  
of p e r i o d  i a t  t h e  o r i g i n  ( b a r r e l s )  
Bi = cos t  o f  s t o r i n g  o n e  bar re l  o v e r  p e i o d  i a t  t h e  
o r i g i n  ( $  p e r  b a r r e l / p e r i o d )  
yik = c o s t  of s t o r i n g  o n e  ba r r e l  o v e r  p e r i o d  i a t  
d e s t i n a t i o n  k ( $  p e r  b a r r e l / p e r i o d )  
t = number of p e r i o d s  of a n a l y s i s  
m = number of t y p e s  of t a n k e r s ,  c l a s s i f i e d  by  
c a p a c i t y  
n = number of d e s t i n a t i o n s  
s u b j e c t  t o  a l l  X ,  Y, a n d  2 - > 0. 
I t  m i g h t  b e  n o t e d  t h a t  X ,  Y ,  and  Z a r e  not e x p r e s s e l  i n  
t h e  same b a s i c  u n i t ,  i . e . ,  a b a r r e l .  S i n c e  e x p r e s s i n g  X i n  
b a r r e l s  d o e s  n o t  g i v e  m e a n i n g f u l  f i g u r e s ,  t h e  b a r r e l  c a p a c i t y  p e r  
s h i p l o a d ,  A, w a s  s e p a r a t e d  from t h e  number of s h i p l o a d s ,  x, a s  
i n d i c a t e d  a b o v e .  The v a r i a b l e  X i s  i n t e r p r e t e d  a s  t h e  number 
of  s h i p l o a d s  h e r e a f t e r .  The same p r o c e d u r e  mus t  be o b s e r v e d  i n  
t h e  c o n s t r a i n t s  when e x p r e s s i n g  b a r r e l s  s h i p p e d .  T h e r e  a r e  f i v e  
s e t s  o f  c o n s t r a i n t s  t o  b e  imposed .  T h e s e  a p p l y  t o  p r o d u c t i o n ,  
r e q u i r e m e n t s ,  s h i p p i n g ,  s t o r a g e  a t  t h e  o r i g i n ,  a n d  s t o r a g e  a t  
t h e  d e s t i n a t i o n .  
T h e  amount p r o d u c e d  e a c h  p e r i o d  must  e i t h e r  be s h i p p e d  
o u t  or  added  tc, t h e  s t o r a g e  o f  t h e  p r e v i o u s  p e r i o d  
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m n  
+ (y i  - Y ~ - ~ )  = P for a l l  i 
i c c A .  X i j k  j k '  
or 
fo r  a l l  i (1.2) m n  C A ' i j k  i 
j k J  
- Yi-l  + Y = Pi 
where  
= number of ba r r e l s  p r o d u c e d  i n  per iod i (bar re l s /  
pi pe r iod )  
The amount  r e q u i r e d  a t  e a c h  d e s t i n a t i o n  e a c h  per iod m u s t  
be o b t a i n e d  from wha t  w a s  s h i p p e d  t h a t  p e r i o d  o r  by  d r a w i n g  down 
on  s t o r a g e .  
m 
where  
R = number o f  b a r r e l s  r e q u i r e d  i n  p e r i o d  i i n  
d e s t i n a t i o n  k ( b a r r e l s / p e r i o d )  
A n o t h e r  c o n s t r a i n t  wh ich  mus t  b e  imposed  i s  t h a t  t h e  
number of t r i p s  h i c h  c a n  b e  made by a g i v e n  f l e e t  i s  l i m i t e d ,  
i j k  e s s e n t i a l l y  by t h e  f i n i t e  speed of t h e  s h i s s .  S u p p o s e  t h e  
i s  t h e  maximum number of t r i p s  which  c a n  be made by  a l l  t a n k e r s  
i n  c l a s s  j t o  d e s t i n a t i o n  k i n  p e r i o d  i ,  a s s u m i n g  t h a t  t h e  t a n k e r s  
e x p e r i e n c e  a v e r a g e  d e l a y s  d u e  t o  w e a t h e r .  F u r t h e r ,  d e f i n e :  
b j k  = t h e  number o f  t a n k e r s  i n  c l a s s  j g o i n g  
t o  k e a c h  p e r i o d  
- dik - X i . k  t h e  maximum number of t - i p s  which  c a n  
$- b e  made i n  p e r i o d  i by a n y  t a n k e r  g o i n g  
jk t o  d e s t i n a t i o n  k ( t a n k e r s ,  r e g a r d l e s s  of 
s i z e ,  f i n d  i t  e f f i c i e n t  t o  ma in ta i . 1  a s p e e d  
o f  a p p r o x i m a t e l y  1 6  k n o t s ) .  
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b = C b t h e  t o t a l  number of s h i p s  of t y p e  j 
j i n  jke  f l e e t  (sum o v e r  k )  
= t h e  maximum number  of t r i p s  w h i c h  c a n  be made 
b y  one  s h i p  t o  k w i t h  n o  w e a t h e r  d e l a y s  i n  
pe r iod  i. 
dik  
- 
Oi = 1 - - d i k  t h e  f r a c t i o n a l  decrease i n  number  
of t r i p s  p o s s i b l e  d u e  t o  w e a t h e r  
d e s t i n a t i o n .  
d ik  d e l a y s ;  a s s u m e d  i n d e p e n d e n t  of 
< 1. C l e a r l y ,  t h e n  ' i j k  - - 
' i j k  X 
< b ( l - O i ) .  - j k  
i j k  = b .  a = b d ( l - O i ) ,  so t h a t  
d i k  i j k  Jk j k  i k  
B u t  TI 
Summing over  a l l  d e s t i n a t i o n s ,  we f i n d  t h e  f i n a l  form of  t h e  
c o n s t r a i n t :  
i ' k  
k = l  i k  
n X  
c -& < (1-0 . )  b 
= I  - (1.4) 
F o r  t h e  s to rage  c o n s t r a i n t  a t  t h e  o r i g i n ,  w e  h a v e  
Y < Si f o r  a l l  i ( I . .  5 )  
i -  
w h e r e  
= 6 t c . r b y e  c a p a c i t y  a t  t h e  o r i g i n  i n  pe r iod  i 
uz r r c .I s ,'pe r i od  1 
I n i t i a l  C I : ~  f i > . u l  y e a r l y  c o n s t r a i n t s  a r e  a d d e d  t o  t h e s e  
s t o r a g e  c o n s t r c i n t a  
Yo = S a n d  Y = S t  
0 t 
T h i s  w i l l  a d d  o n e  v a r i a b l e ,  Y , to t h e  o b j e c t i v e  f u n c t i o n .  
I n  a n a l o g o u s  m a n n e r ,  t h e  c o n s t r a i n t s  o n  s t o r a g e  a t  e a c h  
0 
d e s t i n a t i o n  a r e :  
€or  a l l  i ,  k ( 1 . 6 )  D i k  
< 
'ik - 
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where 
= storage capacity in period i at destination 
Dik k (barrels/period 1 
When the initializing constraints are imposed n 
are added to the objective function. 'ik' variables, 
Thus, the statement of the linear programming problem 
is complete. The objective function is (1.1) with 
# of variables = l+n+t[l+n(l+m)l and 
five sets of constraints, (1.21, (1.31, (1.41, (1.5) and 
(1.6) which yield 
# of equations = l+n+t(2+2n+m) 
The number of equations is further restricted to be less 
than the number of variables. This means that: 
n+ 1 m > -  n-1 
m+l or n > -  m-1 
And finally we must add the non-negativity constraint, 
i.e., all X, Y, and 2 - > 0. 
The full restatement of the resulting linear programming 
problem is presented in Tables I and 11. 
111. Use and Economic Interpretation of the Model 
The linear programming model discussed in the previous 
two sections enables us to measure the decreased cost of the 
Alaskan oil marine link when there is improved utilization of 
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Table 1 Summary of Equations 
Alaskan O i l  Marine Link Model 
Subject to 
production constraints 
m n  
& & A j  X - Y i - l  + V i  - pi for a11 i 
j-1 k - 1  i'k 
requirementa conrtrainta 
,F1 ' j  ' l j k  + '1-1.k - ' ik - 'ik for a11 1. k 8 
shipping constraint8 
8tora9e at origin constraints 
atorage at de8tinations coamtrrtnt8 
and 
( 1 . 1 )  
(1.3) 
(1 .41  
11.51 
( 1 . 1 )  
+ of equations 1. b of variable.. 
s h i p s  a n d  improved w e a t h e r  f o r e c a s t i n g .  H o w  d o e s  t h i s  t r a n s l a t e  
i n t o  b e n e f i t s ?  H o w  much of t h e  decrease  i n  c o s t  i s  d u e  t o  
w e a t h e r  f o r e c a s t i n g  a n d  how much i s  d u e  t o  b e t t e r  u t i l i z a t i o n ?  
T h i s  s e c t i o n  a n s w e r s  t h e s e  q u e s t i o n s .  
F i r s t ,  w e  m u s t  a n s w e r  t h e  more b a s i c  q u e s t i o n .  What 
i s  t h e  v a l u e  o f  t h e  A l a s k a n  o i l  i n i t i a l l y ?  T o  a n s w e r  t h i s  w e  
l o o k  a t  t h e  s u p p l y  a n d  demand c u r v e s  i n v o l v e d .  T h e  p r e s e n t  
w o r l d  s u F p l y  a n d  demand f o r  o i l  w i t h o u t  A l a s k a  looks s o m e t h i n g  
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Table I1 Definitions for  Equations in  Tablo I 
Coefficients 
i - tia priod ( t  - t o t a l  nuribor of t ime p e r i o d s )  
j - tanku typs (n - t o t s1  nunber  of t a n k e r  type.) 
k - a r t i n a t i o n  ( n  - t o t a l  nunbor  of d o s t i n a t i o n s )  
Ai - porcontage docroaar i n  cost of shipping a barrol of o i l  in porkad 1 (W 
a - cost a f u l l  tonker dolivery i n  period i by tanker typs j .  to dostination k (S/shiplMd) 
i j k  
Bi - cost of atoring one barrel  at the origin over tima period i IS por b u r e l / p r i o d )  
.Iu - cost of storinq OM barrel  at destination k 0v.r tin period i (5 per  burel /per iod)  
Aj  - the capacity of tank . typm j (b.rrels/shipload) 
du - tho maxinu n l a b u  of trips which can bo d e  in  poriod i by QY tankor typo j (# of trips) 
Bi - tho f rect ional  decroase in  number of trips poasiblo duo to woathor dolays in  priod i (W 
b, - tho numbor of typs j tankers in  the f lee t .  0 of tankers) 
Variab ln  
C 
X 
Yi 
zik 
Pi 
Rik 
si 
Dik 
- total a w t  of r r i n m  l i n k  for  p.ri& 1 to t (0 
- n d r  of shiplords i n  poriod i d o l i v o r d  by tanker typo 1 to dostination k (e of shiploads) 
- o a r  of b u r e l s  of o i l  i n  storage a t  tho origin a t  tha e d  of ptiod 1 ( b u r o l s )  
- n& of barrels  of o i l  in  stora9e a t  destination k e t  ths end of poriod i (barrels) 
- n-r of barrels produced in  period i (barrela) 
- number of barrels  required a t  destination k in  period i ( h r r o l s )  
- storage capacity a t  t h e  origin in  period i (barrels) 
- storage capacity a t  destination k i n  period i (barrels) 
i j k  
like Figure I1 where So W is the world sapply curve and Do W is 
the world demand curve. Before the Alaskan oil is available, 
the world price is Pw and the quantity supplied is q W . We are 
0 0 
assuming that the world demand is inelastic and the world supply 
is more elastic as drawn. (The Hudson-Jorgenson model of oil 
demand estimates the elasticity of demand for oil to be -.15, 
while the Erikson-Spann econometric model finds the elasticity 
of supply for oil to be +.85. See Adelman [ 2,p.29 and P. 3 4 ,  
respectively].) 
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When A l a s k a n  o i l  becomes a v a i l a b l e ,  i t  w i l l  be a v a i l a b l e  
a t  a s i g n i f i c a n t l y  lower p r i c e  b u t  n o t  i n  s u f f i c i e n t  q u a n t i t y  t o  
s a t i s f y  t h e  U.S. demand. T h e r e f o r e ,  t h e  A l a s k a n  o i l  w i l l  be 
f u l l y  consumed and  t h e r e  w i l l  be a c o r r e s p o n d i n g  s h i f t  downward 
i n  t h e  w o r l d  demand c u r v e ,  a s  p i c t u r e d  a b o v e ,  t o  D1. 
t h e  A l a s k a n  o i l  i s  e a r m a r k e d  f o r  U.S. m a r k e t s  a n d  s i n c e  t h e r e  
W S i n c e  
w i l l  b e  a t  l e a s t  i m p l i c i t  p r i c e  c o n t r o l ,  t w o  m a r k e t s  w i l l  
d e v e l o p ,  e a c h  w i t h  i t s  own s u p p l y  and  demand arid p r i c e .  
T n  tF :  w o r l d  m a r k e t ,  e x c l u s i v e  o f  A l a s k a n  o i l ,  t h e  q u a n t i t y  
demanded w i l l  d r o p  b a c k  by  t h e  amount  o f  o i l  s u p p l i e d  f r o m  t h e  
W '  
A l a s k a n  f i e l d s  t o  9,. 
e x c e e d s  t h e  w o r l d  demand and  t h e r e  w i l l  be some downward p r e s s u r e  
on p r i c e .  T h i s  w i l l  i n d u c e  t h e  q u a n t i t y  demanded t o  i n c r e a y e  
beyoild g a n d  t h e  d r o p p i n g  p r i c e  w i l l  n o t  d r a w  f o r t h  t h e  p re -  
v i o u s  s u p p l y  o f  q . Thc new e q u i l i b r i u m  p o i n t  w i l l  be  p r i c e  
Bu t  a t  t h i s  p o i n t  t h e  a v a i l a b l e  s u p p l y  
W '  
0 
W 
0 
W 
1 '  and  q u a n t i t y  q p: 
\ \  
rrclr) 
F i g u r e  IT World Supply and Demand f o r  O i l  
( E x c l u d i n g  A l a s k a n  O i l )  
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The s u p p l y  and  demand f o r  A l a s k a n  oil c a n  be 
SUPPLY 
P t  
0' 
i l l u s t r a t e d  a s  i n  F i g u r e  111. 
DEMAND 
' D: 
A s s u m i n g  q1 i s  t h e  maximiim a m o u n t  of A l a s k a n  o i l  
w h i c h  c a n  be b r o u g h t  i n t o  t h e  U.S. m a r k e t  f rom A l a s k a  e a c h  y e a r  
( i . e . ,  t h e  s u p p l y  c u r v e  becomes v e r t i c a l  a t  q l ) ,  w e  would f i n d  
a 
a 
t h a t  t h e  demand w o u l d  be i n s a t i a b l e ,  i . e . ,  t h e  demand c u r v e  
would be h o r i z o n t a l  a s  p r e s e n t e d .  
W 
0 
The c o n s u m e r s  were i n i t i a l l y  c o n s u m i n g  q u a n t i t y  q 
W 
0 
a t  p r i ce  p . We know 
a -  W W '  
q1 - qo - qo 
W' 
So, t h e  c o n s u m e r s  a r e  o b t a i n i n g  qw - e x t r a  o i l ,  1 90 
F i g u r e  111 S u p p l y  a n d  Demand f o r  A l a s k a n  O i l  
W a W 
1 The c o n s u m e r s  a r e  c o n s u m i n g  q1 a n d  q1 a t  p r i c e s  p 
a 
1' 
a n d  p r e s p e c t i v e l y .  
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I n  c o n c l u s i o n ,  w e  see t h e  con;umers a r e  p a y i n g  l o w e r  
p r i c e s  a n d  g e t t i n g  more o i l .  T h i s  b e n e f i t  i s  r e p r e s e n t e d  by 
:he sum o f  t h e  s h a d e d  areas  i n  t h e  two d i a g r a m s  a b o v e  a n d  it 
i s  t h e  c o n s u m e r ' s  s u r p l u s .  
W e  d e r i v e  t h i c  b e n e f i t  m a t h e m a t i c a l i y  as f o l l o w s :  
a V a 
B1 = q1 x (p, - pl )  = A d i r e c t  b e n e f i t .  
Assuming l i n e a r  s u p p l y  and  demand c u r v e s  a n d  kncw- 
ledge of t h e  e l a s t i c i t y  of s u p p l y  ( E  5 1 ,  e l a s t i c i t y  of 
v w  W '  W a 
demand ( cd)  , p,, q, a n d  q (from qw'= qo - q l )  w e  h a v e  t w o  
'3 0 
e q u a t i o n s  
W W 
Qo - q1  
W 
90 
E =  
W 
S 
Po - PY 
W 
PO 
a n d  
E =  d 
W '  
qo - q; 
W '  
qO 
W 
Po - P I  
w y  w i t h  t w a  Laknowns, p l ,  ql- 
t w o  e q u a t i o n s  y i e l d s  t h e  e q u i l i b r i u m  v a l u e s  
S i m u l t a r e o u s  s o l u t i o n  of t h e s e  
w -  W '  
90 90 1 +  
W '  W 
'd ' 0  - 's ' 0  
w -  
p1 - Po 
W W '  
- E  9 E s  9, d o  
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We then have 
w w  B = (po -pl) x qw' = A direct benefit 2 0 
and 
w w  W' B3 = (po-pl) x (qY-4, ) x 1/2 = The induced benefit 
and finally 
Sum of B = B +B2+B = Total benefit of Alaskan oil= 
1 3 shaded area 
We have completed our discussion of the benefits 
of Alaskan oil and are now in a position to estimate the impact 
of weather forecasting. In general, better weather forecasting 
can be expected to increase B directly, but it will impact on 1 
1 and B imperceptibly. We will focus on the increase in B B2 3 
3 -  
and ignore the negligible changes in B and B 
2 
There are two outputs from the linear programming 
model which are of particular importance to us. These are the 
total cost, C, and the sum of the requirements met in each 
z c  
i k Rik. Both of these are a function period i at each port k, 
of how weather forecasting impacts on th- percentage change 
in the cost ol shipping a barrel of oil, 6, arid the percentage 
change in the number of trips a given type tanker can achieve, 
8 .  That is 
AC = f ( 6 , 8 )  
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I n  r e g a r d  t o  t h e  “R w e  s h o u l d  t a k e  n o t e  o f  t h e  i k  i k ’  
f a c t  t h a t  t h e  r e q u i r e m e n t s  m e t  may be l e s s  t h a n  wha t  i s  p r o d u c e d  
b e c a u s e  t h e  s h i p p i n g  c a p a c i t y  i s  i n s u f f i c i e n t .  In t h i s  case ,  
a d d i t i o n a l  o i l  may be s u p p l i e d  t o  U.S. c o n s u m e r s  by t h e  u s e  o f  
s a t e l l i t e  weather  i n f o r m a t i o n  t o  r o u t e  t h e  t a n k e r s  a r o u n d  s to rms  
and  h i g h  s e a s .  Wl-:n t h e  s h i p p i n g  c a p a c i t y  i s  a l r e a d y  s u f f i c i e n t  
t o  d e l i v e r  t h e  f u l l  p r o d u c t i o n  of  o i l ,  t h e  o n l y  b e n e f i t  t o  be 
r e a l i z e d  i s  a decrease i n  t h e  c o s t  of s u p p l y i n g  t h e  o i l  and  i n  t h e  
s u b s e q u e n t  p r i c e  t o  t h e  consumer .  W e  may i l l u s t r a t e  t h e s e  t w o  
e x h a u s t i v e  p o s s i b i l i t i e s  a s  i n  F i g u r e  IV. 
I n  case a )  t h e  s h i p p i n g  c a p a c i t y  w a s  a l r e a d y  
s u f f i c i e n t  when w e a t h e r  f o r e c a s t i n g  w a s  i n t r o d u c e d ,  SO 
t h e  o n l y  impact i s  a lower p r i ce  f o r  t h e  consumer .  I n  case 
b ) ,  w e  see t h a t  t h e  s u p p l y  c u r v e  w a s  a t  S3 and  t h e  q u a n t i t y  
d e l i v e r e d  t o  t h e  consumer  w a s  q3. 
i s  i n t r o d u c e d ,  w e  move t o  S a n d  q a n d  t h e  b e n e f i t s  of e x t r a  4 4 
a 
a A f t e r  w e a t h e r  f o r e c a s t i n g  
a W 
($/barrel) ($/barrel) 
P? 9 
Pt a 
f barrel.) of barrel.) 
Care a) Care b) 
F i g u r e  I V  B e n e f i t  o f  S a t e l l i t e  I n f o r m a t i o n  
o n  Alaskan O i l  M a r i n e  Link 
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O i l  ( t h e  v e r t i c a l  s h a d e d  a rea  i n  F i g u r e  IV, b) is a d d e d  t o  
t h e  b e n e f i t  of l o w e r  cost 
In g e n e r a l ,  t h e  b e n e f i t  of s a t e l l i t e  w e a t h e r  f o r e c a s t i n g  
o n  t h e  A l a s k a n  m a r i n e  l i n k  i s  t h e n  g i v e n  a s  
where  
a a a  
qk = min of (q l ,  q3) 
W a a a B; - (Po - P4) x (q4 - Q 3 )  
s u b j e c t  to 
a B“ = 0 if q4 
1 
To ta l  B e n e f i t  = A B ~ = B ; + B ”  1 ( 1 . 7 )  
The t o t a l  b e n e f i t s  were c a l c u l a t e d  u s i n g  e q u a t i o n  
( 1 . 7 ) .  S i n c e  some b e n e f i t s  arose f r o m  be t te r  u t i l i z a t i o n  of 
t a n k e r s ,  i t  was n e c e s s a r i -  t o  p r o c e e d  s y s t e m a t i c a l l y  t o  i s o l e  
t h e  i n f l u e n c e  of t h e  s a t e l l i t e .  ( N o t e :  F i x e d  u t i l i z a t i o n  r e f e r s  
t o  t h e  u t i l i z a t i o n  scheme f o r  t a n k e r s  d e f i n e d  by A l y e s k a  f o r  
t h e  D e p a r t m e n t  of t h e  I n t e r i o r  (61 .  I n  t h i s  s cheme ,  e a c h  t y p e  
t a n k e r  v i s i t s  e a c h  p o r t  a f i x e d  number o f  t i m e s  e a c h  y e a r . )  
W e  d e f i n e  t h e  f o l l o w i n g  four c o s t  c o n c e p t s :  
8-17 
cost I, c (11 - c a l c u l a t e d  a s s u m i n g  f i x e d  
u t i l i z a t i o n  a n d  n o  s a t e l l i t e  
w e a t h e r  f o r e c a s t i n g .  - T h e  
b a s e l i n e  case.  
cost 11, C ( I 1 )  - c a l c u l a t e d  a s s u m i n g  f i x e d  
u t i l i z a t i o n  w i t h  satellite 
w e a t h e r  f o r e c a s t i n g  
cost  111, C ( I I 1 )  - c a l c u l a t e d  a s s u m i n g  o p t i m a l  
u t i l i z a t i o n  w i t h  n o  s a t e l l i t e  
w e a t h e r  f o r e c a s t i n g  
cost I V ,  C ( 1 V )  - c a l c u l a t e d  a s s u m i n g  o p t i m a l  
u t i l i z a t i o n  w i t h  s a t e l l i t e  
w e a t h e r  f o r e c a s t i n g  
S i n c i  t h e  s i z e  of t h e  f l e e t  w i l l  be a d e q u a t e  t o  
t r a n s p o r t  t h e  f u l l  p r o d u c t i o n ,  t h e  t r u e  b e n e f i t  o f  s a t e l l i t e  
w e a t h e r  f o r e c a s t i n g  i s  [ C ( I I ) - C ( I ) l  i f  n o  o p t i m a l  u t i l i z a t i o n  
i s  t o  be d o n e  a n d  t h e  t r u e  b e n e f i t  i s  I C ( I V ) - C ( I I I ) ]  i f  o p t i m a l  
u t i l i z a t i o n  w i l l  be d o n e .  T h i s  s s s u m e s  t h e  cos t  s a v i n g s  w i l l  b e  
p a s s e d  o n  a s  lower p r i ces .  T h u s  w e  a r e  u s i n g  e q u a t i o n  ( 1 . 7 ) .  
I V .  T h e  D a t a  a n d  t h e  R e s u l t s  
The  m o d e l  p r o b l e m  was s o l v e d  F o r  t h r e e  a n n u a l  p r o -  
d u c t i o n  l e v e l s  - 730, 400,  a n d  2 4 0  m i l l i o n  b b l / y r .  (01  2 , 1 . 1 ,  a n d  
0.66 m i l l i o n  b b l / d a y ,  r e s p e c t i v e l y )  - t h e  projected a n n u a l  o u t -  
p u t s  i n  1 4 8 7 ,  1 9 9 2 ,  a n d  1 9 9 7 ,  A l a s k a n  O i l  1 3 1 .  However, t h e  
a n a l y s i s  w a s  c o n d u c t e d  b y  l o o k i n g  a t  o n l y  o n e  q u a r t e r  o f  t h e  
y e a r  2nd b r e a k i n g  i t  i n t o  1 0  d a y  p e r i o d s .  U s i n g  s u c h  a t i m e  
r e f e r e n c e  w a s  d e s i r a b l e  b e c a u s e  f r o m  a n  o p e r a t i o n a l  p o i n t  o f  
v i e w  s imi la r  w e a t h e r  c o n d i t i o n s  come i n  5-10 d a y  i n t e r v a l s  
r a t h e r  t h a n  i n  q o n t h  t o  n o n t h  i n t e r v a l s .  A l s o ,  t h e  l o n g e r  t h e  
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time period considered, the less significant the fixed amount 
of storage becomes compared to the number of barrels to be 
. shipped. These levels are based on an assumed total reserve in 
the North Slope field of 10 billion barrels and are uncertain 
because of uncertainties both in that total reserve and in the 
rate of consumption. The study by the Cabinet Task Force on 
Cil Import Control in Alaskan Oil [31 indicates that the field 
ef nknown" reserves will be entirely depleted by the year 2 0 0 0 .  
The time scale has, of course, shifted since 
Alaskan Oil was written in 1970. Current indications are 
that production will begin in 1977 and reach its peak in the 
early 8 0 ' s .  The production curves in Alaskan Oil, therefore, 
have been shifted by five years. 
The f l e e t  c o m p o s i t i o n  i n  t h e  Department of  t h e  
I n t e r i o r  Report  [ 6 , p . 6 0 1  h a s  b e e n  a d j u s t e d .  P r e s e n t  p r o j e c t i o n s  
i n d i c a t e  a f l e e t  o f  1 3 ,  2 2 ,  and 35  t a n k e r s  i n  e a c h  o f  t'r-ree suc -  
c e s s i v e  p h a s e s .  In 1 9 8 5  t h e  o p e r a t i o n  w i l l  b e  i n  p h a s e  3 and t h e  
35 t a n k e r  f l e e t  w i l l  b e  broken down a s  f o l l o w s :  
ut. class in thousand deadweight tons 45 60 70 75 80 90 120 130 150 
# of tankers 1 3 2 3 2 2 1 6  5 1 
In the 1990's when production levels will be 
dropping it was left to the computer program to eliminate the 
appropriate tankers since it is obvious that the model will 
consistently use the more efficient larger tankers when possible 
and w5.11 drop from the solution the smallest tanker when it 
becomes expendable. 
B- 19 
I t  w a s  assumed t h a t  t h e  o i l  w i l l  be s h i p p e d  t o  t h e  
t h r e e  p o r t s  on  t h e  West C o a s t  i n  t h e  p r o p o r t i o n s  p r o j e c t e d  by 
t h e  A l y e s k a  P i p e l i n e  S e r v i c e  Company (APSC) a s  q u o t e d  i n  DO1 
[61,  namely:  
1 5 %  t o  J u a n  de Fuca  
3 5 %  t o  Coos Bay 
5 0 %  t o  S a n t a  Barbara 
1 0 0 %  from V a l d e z  
The p o s s i b i l i t y  of s h i p p i n g  t o  o t h e r  p o i n t s  ( e . g .  J a p a n ,  t h e  
E a s t  C o a s t  v i a  Panama or t h e  N o r t h  West P a s s a g e )  w a s  i g n o r e d .  
S i n c e  i n d u s t r y  s o u r c e s  i n d i c a t e  s t o r a g e  c a p a c i t i e s  
of s i x  t o  e i g h t  d a y s  p r o d u c t i o n  a r e  d e s i r a b l e ,  s t o r a g e  a t  t h e  
o r i g i n  a n d  d e s t i n a t i o n s  were assumed t o  be s e v e n  t i m e s  t h e  l e v e l  
of d a i l y  t h r o u g h p u t .  
V a l d e z  - 14 m i l l i o n  ( 1 0 0 % )  = S 
J u a n  d e  Fuca  - 2 . 1  m i l l i o n  ( 1 5 % )  
C o o s  Bay - 4 . 9  m i l l i o n  (35%) = D2 
S a n t a  B a r b a r a  - 7.0 m i l l i o n  ( 5 0 % )  = D3 
S i n c e  t h e r e  a r e  a n t i t r u s t  c o n s i d e r a t i o n s  i n v o l v e d  
= D~ 
i t  was n e c e s s a r y  t o  h a v e  t h e  o i l  companies p a s s  t h e i r  estimates 
o f  t h e  number of t a n k e r s  t h e y  would be p u r c h a s i n g  t h r o u g h  i n d e -  
p e n d e n t  a u d i t o r s  who t h e n  i n d i c a t e d  o n l y  t h e  sums f o r  t h e  
r e s u l t i n g  f l e e t .  T h i s  means i n  terms of t h i s  model  t h a t  o p t i -  
m i z a t i o n  w a s  done  w i t h  r e s p e c t  t o  t h e  who le  f l e e t  w h i l e  i n d i v i d u a l  
o i l  c o m p a n i e s  w i l l  b e  o p t i m i z i n g  w i t h  r e s p e c t  t o  t h e i r  p o r t i o n  
o f  t h e  f l e e t .  T h u s ,  t h e  b e n e f i t  f rom b e t t e r  f l e e t  u t i l i z a t i o n  
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w i l l  b e  g r e a t e r  t h a n  wha t  m i g h t  a c t u a l l y  be a c h i e v e d ,  b u t  t h e  
es t imate  o f  t h e  e x t r a  b e n e f i t  o f  s a t e l l i t e  ocean c o n d i t i o n  fore-  
c a s t i n g  i n f o r m a t i o n ,  which  i s  wha t  mus t  be q u a n t i t i f i e d  i n  t h i s  
s t u d y ,  w i l l  b e  a c c u r a t e .  
The r e l a t i o n  be tween  s h i p p i n g  cos ts  a n d  v e s s e l  
s i z e s  t a k e n  from A l a s k a n  O i l  [ 3 ,  p .  7 2 1  a re  
C l a s s  (dwt )  Cost ($bbi/i03 miles) 
5 0  .14- .  16C 
1 0 0  - 1 0 - . l l  
200  . 07  -. 08 
F i t t i n g  t h e s e  by a p o l y n o m i a l  w e  g e t  t h e  c u r v e  i n  
F i g u r e  V. S i n c e  these w e r e  w c r l d  t a n k e r  p r i c e s  t h e y  m u s t  b e  
d o u b l e d  a s  recommended i n  t h e  r e f e r e n c e  t o  r e f l e c t  t h e  f a c t  
t h a t  o n l y  A m e r i c a n  s h i p s  w i l l  b e  u s e l .  A l s o ,  s i n c e  t h e s e  were 
1969  p r i c e s  t h e y  must  b e  i n f l a t e d  t o  1974 p r i c e s .  The i n f l a -  
t i o n  f a c t o r  u s e d  was 4 5 . 6 % ,  d e r i v e d  f rom t h e  c o m p o s i t e  i n d e x  c 
construction costs in the U . S .  Department of Commerce's Survey 01 
Current Business. (The cost of the tankers' construction is more 
than 50% of all costs in the long run, see [6, pp. 5 - 7 1 . )  
I t  was f u r t h e r  assumed t h a t  t h e  s h i p p i n g  cos t s  
would v a r y  f rom p e r i o d  t o  p e r i o d  i n  r o u g h l y  t h e  same p r o p o r t i o n  
a s  t h e  a v e r a g e  t r i p  t ime t o  J u a n  d e  Fuca  i n  e a c h  month a s  d e t e r -  
mined by ODS [ 4 ,  p .  1 2 1 .  The c o s t s ,  t h e r e f o r e ,  r a n g e d  be tween  
5 %  above  and 4 %  below t h e  y e a r l y  a v e r a g e  c o s t .  ( T h i s  i s  a con-  
s e r v a t i v e  r i q g e  s i n c e  t h e  w e a t h e r  v a r i a t i o n  be tween  t e n  d a y  
p e r i o d s  w i l l  be l a r g e r  t h a n  t h e  a v e r a g e  v a r i a t i o n  f rom month 
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t o  month . )  The a s s u m p t i o n  a l s o  o v e r c o m e s  t h e  problem of u s i n g  
r e p r e s e n t a t i v e  w e a t h e r  f i g u r e s  f o r  t h e  y e a r  when t h e  a n a l y s i s  
i s  o n l y  d o n e  for o n e  q u a r t e r  of t h e  y e a r .  
S i n c e  t h e  o p e r a t i n g  c o s t s  of i n c r e a s i n g  of d e c r e a s -  
i n g  t h e  ba r r e l s  of o i l  i n  s to rage  w e r e  f o u n d  t o  be n e g l i g i b l e  
t h e s e  were assumed t o  b e  z e r o .  W h i l e  t h e  model  c o u l d  be a d a p t e d  
t o  a d d r e s s i n g  t h e  q u e s t i o n  o f  t h e  optimum s t o r a g e  c a p a c i t y  
i n v e s t m e n t ,  t h i s  w a s  n o t  d o n e .  I t  w a s  assumed t h a t  t h e  i n d u s t r y  
estimates g i v e n  w e r e  f i x e d .  
For t h e  s h i p p i n g  c a p a c i t y  c o n s t r a i n t  t h e  1 6 . 0  k n o t s  
s p e e d  o f  t h e  modal s h i p  i n  t h e  f l e e t ,  t h e  1 2 0  K d w t  t anker . .  was 
u s e d  t o  c a l c u l a t e  r o u n d  t r i p s .  Assuming 3 4 5  d a y s  r u n n i n g  t i m e  
and  2 1  days per year for r o u t i n e  m a i n t e n a n c e  and  r e p a i r ,  23  h o u r s  
f o r  t u r n a r o u n d  t i m e  and  1 , 2 1 2  m i l e s  t o  J u a n  d e  F u c a ,  w e  
g e t  a maximum 
= 47 .45  r o u n d  t r i p  p e r  y e a r  345  x 24 
2 ( 1 , 2 1 2 / 1 6 . 0 )  + 23 
o r  11.9 r o u n d  t r i p s  per q u a r t e r  o f  t h e  y e a r / p e t  s h i p .  
I t  i s  assumed b y  t h e  model  t h a t  tlie maximum r o u n d  
t r i p s  t o  t h e  o t h e r  two d e s t i n a t i o n s  a r e  l e s s  i n  p r o p o r t i o n  t o  
t h e  d i s t a n c e s  ( w h i c h  were 1 , 4 5 2  and  2 , 0 2 8  m i l e s ,  r e s p e c t i v e l y ) .  
The f l e e t  c a n  be e x p e c t e d  t o  make 3 4 . 6  r o u n d  t r i p s  maximum p e r  
s h i p  o v e r  o n e  y e a r  u s i n g  t h e  w e i g h t t d  d i s t a n c e  t o  t h e  t h r e e  
p o r t s  a c c o r d i n g  t o  Ocean D a t a  S y s t e m s  a s s u m p t i o n s  ( 4 1 .  C P S  2 c r -  
formed a compute r  s i m u l a t i o n  which u s e d  t a n k e r  w e a t h e r  log d a t a  
from 1948 t o  t h e  p r e s e n t  and  v a r i e d  t h e  s p e e d s  o f  t h e  t a n k e r s  i n  
a c c o r d a n c e  w i t h  t h e  w e a t h e r  c o n d i t i o n s  r e p o r t e d  i n  t h e  l o g  and  
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f o u n d  t h a t  t h e  w e a t h e r  s i m u l a t e d  d e l a y s  p e r m i t t e d  o n l y  2 9 . 2  
r o u n d  t r i p s  ( 4 1 .  However ,  t h i s  1 5 %  l o s s  c a n n o t  be f u l l y  
a v o i d e d  b e c a u s e  t h e r e  w i l l  be bad  w e a t h e r  a t  a l l  p o i n t s  a l o n g  
t h e  r o u t e  o c c a s i o n a l l y .  T h u s  t h e  maximum s a v i n g  p o s s i b l e  
w a s  a s s u m e d  c o n s e r v a t i v e l y  t o  be 1 2 %  ( i . e . ,  0 = . 1 2  a s  a n  u p p e r  
b o u n d )  o r  4 . 4  r o u n d  t r i p s .  
F o l l o w i n g  t h e  es t imate  of ODS, it w a s  a s s u m e d  t h a t  
t h e  a c h i e v a b l e  g a i n  i n  s h i p p i n g  c a p a c i t y  d u e  to s a t e l l i t e  i n -  
f o r m a t i o n  was 5 0 %  (8 = . 0 6 )  of t h e  t o t a l  p o t e n t i a l  c a p a c i t y  
g a i n ,  i . e  , 2 . 2  r o u n d  t r i p s  s a v i n g  w a s  u s e d .  
. 1 3 5  
- 1 1 5  
* 095  
.075 
50 
Function d e f i n i n q  C u r v e :  
1 0  
1 0 0  1 5 0  2 0 0  
200 
Size 2 
-- 
F i g u r e  V C o s t  of  T r a n s p o r t i n g  O i l  o n  A l a s k a n  
M a r i n e  L i n k  ( 1 9 6 9  D o l l a r s )  
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Using the cost figures in section 5.1 of [ 5 1  f o r  
the 120 K dwt tanker, the time loss of 12% (6% when using satellite 
information), the assumption that self insurance is equal to 
paid premiums, and the assumption that 30% of all damage is 
weather reLated, we get a maximum potential cost saving ( 6 )  of 
Amortization 58.0 
Other Operating Costs 33.8 x -12 = 4.064 
Insurance 9.2 x .12 x - 3 0  = 0.33% 
100.0 4.39% 
-
approximately 4.48 ( 6  = .044) at maximum 
It is assumed only half of this, also, may be capturec. There- 
fore, 6 = .022 when satellite information is used. 
The simulation procedure of estimating the yearly 
benefit as [C(IV) - C(III)], as presented in the previous 
section, was followed. The undiscounted results are presented 
in Table 111. 
It was assumed that benefits could be fully 
captured beginning in SEASAT'S first full operation year (1985) 
due to the unusual set of factors which f a v o r s  this: 
all U . S .  ships required by Jones Law 
o close government supervision and possible 
regulation 
0 a weather routing procedure already in 
operation today 
0 environmental concern 
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1907 
C.80 s t u d y  Benefits 1 4 . 5  
IC Ifv~-clIll)I 
C (111) - No satellitr b u t  166.67 
optlnol t a t i k e r  
utilIr.tl0n 
C ( 1 V )  - Use of satellite 3 5 2 . 2 0  
and opt1tn.l L a n k e ~  
y t 1 1 1 I t io 81 
The program was solved for 1987, 1993, and 1997 
and the rest of the figures were interpolated or extrapolated 
from these. 
1912 1997 i 9 8 5 - z m ~  
4 . 5  2 . 9  1 1 0 . 2  
190.90 1 1 2 . 4 3  
lOb.GO 109.54 
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